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I. REAL PARTY IN INTEREST 

The real party in interest is the assignee, Research Development Foundation. 

II. RELATED APPEALS AND INTERFERENCES 
There are no related appeals or interferences. 

III. STATUS OF THE CLAIMS 

Claims 1-20 are canceled. Claims 21-23 are under examination and are the subject of 

appeal. 

IV. STATUS OF AMENDMENTS 
There are no amendments. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

The present invention generally concerns methods of inhibiting or preventing 
Ehrlichia canis infection in a subject by administering a polypeptide of SEQ ID NO:46 to the 
subject prior to exposure or to a subject suspected of being exposed to or suspected of being 
infected by E. canis, as represented by claim 21 and that finds support in the specification at 
least in the original claims, the sequence listing, and at paragraphs [0016] and [0053], for 
example. In particular embodiments, SEQ ID NO:46 is encoded by a polynucleotide of SEQ 
ID NO:45, as represented in claim 22 and that finds support in the specification at least in the 
original claims, the sequence listing, and at paragraphs [0016] and [0046], for example. In 
further embodiments, SEQ ID NO:46 is dispersed in a pharmaceutically acceptable carrier, as 
represented in claim 23 and that finds support in the specification at least in the original 
claims at paragraphs [0016] and [0062], for example. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 21-23 are rejected under 35 U.S.C. §112, second paragraph, for being 
indefinite for allegedly failing to particularly point out and distinctly claim the subject matter 
of the invention. 

Claims 21-23 are rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Ohashi et al, 1998 (Infec. Immun. 66; 132-139) in view of Ohashi et al., 1998 (J. Clin. 
Microbiol, 2671-2680). 

Claims 21-23 were rejected under 35 U.S.C. §112, first paragraph, for allegedly 
failing to comply with the written description requirement. 

VII. ARGUMENT 

A. Substantial Evidence Required to Uphold the Examiner's Position 

As an initial matter, Appellants note that findings of fact and conclusions of law by 
the U.S. Patent and Trademark Office must be made in accordance with the Administrative 
Procedure Act, 5 U.S.C. § 706(A), (E), 1994. Dickinson v. Zurko, 527 U.S. 150, 158 (1999). 
Moreover, the Federal Circuit has held that findings of fact by the Board of Patent Appeals 
and Interferences must be supported by "substantial evidence" within the record. In re 
Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). In Gartside, the Federal Circuit stated that 
"the 'substantial evidence' standard asks whether a reasonable fact finder could have arrived 
at the agency's decision." Id. at 1312. 

Accordingly, it necessarily follows that an Examiner's position on Appeal must be 
supported by "substantial evidence" within the record in order to be upheld by the Board of 
Patent Appeals and Interferences. 
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B. Issues under 35 U.S.C. §112, second paragraph 

Claims 21-23 were rejected under 35 U.S.C. §112, second paragraph for allegedly 
being indefinite for failing to particularly point out and distinctly claim the subject matter of 
the invention. Appellants respectfully disagree. 

In particular, the Examiner states that the limitation "preventing" has no support in the 
specification, but as discussed in Section VII. D. below, prevention is referred to in two 
separate texts in the application. 

Further, the Examiner still appears to be confused by the terminology of the claim 
regarding identifying a subject prior to exposure or suspected of being exposed to or 
suspected of being infected with Ehrlichia canis. Specifically, the Examiner stated in the 
Office Action dated January 1 1, 2006, and referred to again in the final Action, that the claim 
was vague and the Examiner found it unclear how to inhibit E. canis infection in a subject 
prior to exposure or suspected of being exposed to an infection when there is no infection to 
begin with. 

Claim 2 1 encompasses a method for inhibiting or preventing infection by identifying 
a subject prior to exposure with E. canis or a subject suspected of being exposed to E. canis 
or a subject suspected of being infected with E. canis, and then administering the protein. 
The Examiner considers it unclear how to inhibit E. canis infection in a subject prior to 
exposure or suspected of being exposed to an infection because there is no infection to begin 
with. Appellants reiterate that an infection can be inhibited by inhibiting its onset, and 
therefore the claim is not indefinite. 

Appellants respectfully request reversal of the rejection. 

C. Issues under 35 U.S.C. §103(a) 

Claims 21-23 are rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Ohashi et al, 1998 (Infec. Immun. 66; 132-139) ("Ohashi C24," previously referred to 
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by Appellants as "Ohashi A") in view of Ohashi et a!., 1998 (J. Clin. Microbiol., 2671-2680) 
("Ohashi C23," previously referred to by Appellants as "Ohashi B"). Appellants respectfully 
disagree. 

The Examiner has failed to make a prima facie case of obviousness, because all 
elements of the claims are not taught or suggested in the combination of Ohashi C24 and 
Ohashi C23. The claims generally concern methods of inhibiting or preventing E. canis 
infection in an individual by administering a composition comprising a polypeptide of SEQ 
ID NO:46 in an amount effective to inhibit Ehrlichia canis infection. Ohashi C23 concerns 
serodiagnosis of E. canis by assaying for one of three p30 kDa outer membrane proteins, 
none of which are SEQ ID NO:46. Ohashi C24 concerns identification and characterization 
of p28 kDa proteins in E, chaffeensis and includes protection against E, chaffeensis challenge 
in rP28-immunized mice. It is not obvious to employ a p30 £. canis protein for inhibiting 
infection when the proteins are described as being serodiagnostic, nor is it obvious to use an 
E. chaffeensis p28 protein to inhibit an E. canis infection. The person of ordinary skill in the 
art is an objective legal construct presumed to think along conventional lines without 
undertaking to innovate, whether by systematic research or by extraordinary insights, {Life 
Technologies, Inc. v. Clontech Laboratories, Inc., 224 F.3d 1320, 56 U.S.P.Q.2d 1186 (Fed. 
Cir. 2000), citing The Standard Oil Co. v. American Cyanamid Company, 11 A F.2d 448, 227 
U.S.P.Q. 293 (Fed. Cir. 1985)), so there would be no suggestion or motivation to employ the 
p30 proteins of E. canis in Ohashi C23 for any purpose other than serodiagnosis in that very 
same organism. Therefore, there is no suggestion or motivation to utilize the p30 E. canis 
proteins for immunoprotection against E. canis. 

The Ohashi C23 reference solely concerns serodiagnosis of E. canis and not 
immunoprotection from E. canis. For example, in Ohashi C23 at pp. 2673-2674, the authors 
describe identification of three p30 kDa proteins: P30, P30-1, and P30a. Ohashi then 
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describes optimum dilutions for the antiserum for serodiagnosis (pp. 2676-2677) and use of 
rP30 antigens for examination of dog plasma. Nowhere in Ohashi C23 is there teaching or 
suggestion to use P30, P30-1, or P30a for inhibiting E. canis infection. 

In addition, Ohashi C23 does not teach or suggest SEQ ID NO:46 itself. Although the 
text of Ohashi C23 refers to the particular sequences of P30, P30-1, and P30a in Figure 2, 
none of these sequences teach or suggest SEQ ID NO:46. On p. 2673, Ohashi C23 also refers 
to the sequences in GenBank® accession numbers AF078553, AF078554, and AF078555 
(right column). However, at the time of filing none of these GenBank® sequences described 
or suggested SEQ ID NO:46 (see Exhibits 3, 4, and 5). If anything, Ohashi C23 teaches 
away from employing SEQ ID NO:46 because it concerns p30 proteins that are dissimilar 
with SEQ ID NO:46. While an updated version of AF078553 (Exhibit 3) appears to have a 
sequence that is similar to SEQ ID NO:46, this sequence was not disclosed until after 
Appellants' filing date (see the date of April 2, 2001 on AF078553 in Exhibit 3). Therefore, 
SEQ ID NO:46 was not known at the time of filing of the application. 

Turning now to Ohashi C24, the reference teaches immunoprotection for E. 
chaffeensis with E. chaffeensis p28 proteins, and this reference does not teach, suggest, or 
provide motivation for use of SEQ ID NO:46 for immunoprotection for E. cams. It is noted 
that E. chaffeensis and E. cams are different organisms. The reference discloses 
identification of multiple major outer membrane proteins of E. chaffeensis (p. 133-134) and 
characterizes the proteins (p. 134-137), including demonstration of protection against E. 
chaffeensis challenge in rP28-immunized mice. In the background of Ohashi C24, the 
authors refer to other articles that showed cross-reactivity between E. chaffeensis and E. canis 
28-30 kDa proteins. However, nowhere in Ohashi C24 does the reference teach or suggest 
use of any E, canis protein to inhibit E. canis infection, and it certainly does not teach or 
suggest use of Appellants' particular SEQ ID NO:46 to inhibit E. canis infection. 
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The Examiner contends that Appellants' claimed invention is made obvious over the 
combination of Ohashi C23 and Ohashi C24, because Ohashi C24 refers to cross-reactivity 
between p28/p30 proteins of E. canis and E. chaffeensis, but Appellants assert that there is no 
suggestion or motivation to make the combination. Even if Ohashi C24 did suggest that one 
could employ p30 proteins of E. canis for immunoprotection, there is no teaching or 
suggestion that any E. chaffeensis antibodies cross-react with E. canis SEQ ID NO:46. 
Moreover, one of skill in the art is taught by Ohashi C23 that the E. canis p30 proteins are 
useful for serodiagnosis, so one of skill in the art would be led away from Ohashi C23 for use 
of the proteins for immunoprotection against £. canis. Furthermore, even if Ohashi C24 
suggested utilizing one of the p30 proteins of E. canis in Ohashi C23 for immunoprotection, 
this would teach or suggest to one of skill in the art to employ one of the p30 proteins 
described in Ohashi C23 that were known at the time and not the unknown SEQ ID NO:46. 
This also would lead away from Appellants' claimed invention. That is, even if it is obvious 
from Ohashi C24 to try some E. canis protein for inhibiting infection, it is not obvious to 
utilize Appellants' specific SEQ ID NO:46, particularly when a variety of non-identical 
sequences to SEQ ID NO:46 were referred to in Ohashi C23 and SEQ ID NO:46 was 
unknown at the time of filing. Therefore, methods to inhibit infection with any E. canis p30 
protein, and in particular SEQ ID NO:46, were not taught or suggested in the combination of 
Ohashi C23 and Ohashi C24, and there is no prima facie case of obviousness. 

Appellants respectfully request reversal of the rejection. 

D. Issues under 35 U.S.C. §112, first paragraph 

Claims 21-23 were rejected under 35 U.S.C. §112, first paragraph, for allegedly 
failing to comply with the written description requirement. 

The Examiner sets forth a written description rejection for subject matter that is 
considered new matter. In particular, the Examiner states that there is new matter because the 
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limitation in claim 21 of "preventing" is not supported in the specification. Appellants assert 
that there is no new matter, because in two different texts of the specification Appellants 
address prevention. In particular, the Abstract states that the proteins are, "...useful in the 
development of vaccines and serodiagnostics that are particularly effective for disease 
prevention and serodiagnosis" (emphasis added). Furthermore, in paragraph [0124], it states 
the following: "The conservation of p28 genes in E. canis isolates may provide an 
opportunity to develop vaccine and serodiagnostic antigens that are particularly effective for 
disease prevention and serodiagnosis" (emphasis added). 

Therefore, the term "preventing" in claim 21 does not introduce new matter, and 
Appellants respectfully request reversal of the rejection. 

VIII. CONCLUSION 

Appellants have provided arguments that overcome the pending rejection. Appellants 
respectfully submit that the Office Action's conclusions that the claims should be rejected are 
unwarranted. It is therefore requested that the Board overturn the Action's rejections. 

Please date stamp and return the enclosed postcard to evidence receipt of this 
document. 




Respectfully submitted, 




Melissa L. Sistrunk 
Registration No.: 45,579 
FULBRIGHT & JAWORSKI L.L.P. 
1301 McKinney, Suite 5100 
Houston, Texas 77010-3095 
(713) 651-3735 
(713) 651-5246 (Fax) 
Agent for Applicant 
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APPENDIX 1 
CLAIMS ON APPEAL 

21. A method of inhibiting or preventing Ehrlichia canis infection in a subject 
comprising the steps of: 

identifying a subject prior to exposure or suspected of being exposed to or infected 
with Ehrlichia canis; and 

administering a composition comprising a polypeptide of SEQ ID NO:46 in an 
amount effective to inhibit Ehrlichia canis infection. 

22. The method of claim 21, wherein said SEQ ID NO:46 is encoded by a 
polynucleotide of SEQ ID NO:45. 

23. The method of claim 21, wherein said SEQ ID NO:46 is dispersed in a 
pharmaceutical^ acceptable carrier. 
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APPENDIX 2 
EVIDENCE APPENDIX 



Exhibit 1. Ohashi et al (Infec. Immun., 66:132-139, 1998) made of record in the 
Office Action mailed January 11, 2006 

Exhibit 2. Ohashi et al. (J. Clin. Microbiol., 2671-2680, 1998) made of record in 
the Office Action mailed January 1 1 , 2006 

Exhibit 3. National Center for Biotechnology Information, GenBank Accession 
No. AF078553, GenBank database; April 2, 2001, made of record in the Response and 
Supplemental IDS filed March 29, 2006 

Exhibit 4. National Center for Biotechnology Information, GenBank Accession 
No. AF078554, GenBank database; October 26, 1998, made of record in the Response and 
Supplemental IDS filed March 29, 2006 

Exhibit 5. National Center for Biotechnology Information, GenBank Accession 
No. AF078555, GenBank database; October 26, 1998, made of record in the Response and 
Supplemental IDS filed March 29, 2006 
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APPENDIX 3 
RELATED PROCEEDINGS APPENDIX 

NONE 
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Immunodominant Major Outer Membrane Proteins of Ehrlichia 
chaffeensis Are Encoded by a Polymorphic Multigene Family 

NORIO OHASHJ, N1NG ZHI, Y1LAN ZHANG, and YASUKO RJKJHISA* 
Department of Veterinary Biosciences, CoUege of Veterinary Medicine, The Ohio State University 

Columbus, Ohio 43210-1093 

Received 21 January 1997/Returned for modification 24 March 1997/Accepted 8 October 1997 

f^^?yi?TTu^T mai0r /~ IC ? nS ranging fr0m 23 10 30 kDa were identified in «« ™ter membrane 
fraclions ; of Ehrhchm chaffeensis and Ehrlichia canis. The N-terminal amino acid sequence of a 28-kDa proVein 
of E .chaffeensis (one of the major proteins) was determined. The gene (p2S), almost full length encodine the 

^pfaoFiii marginal MSP-4 proteins. The^ gene was overexpressed, and antibody to the recombinant 
protein was raised in a rabbiL The antibody and semm from a patient infected with E. cLffeensl^T^l 
\^™ZfZ ni Pr ° tein ' th ™?r>l™ W *»> ™* 25 U>a) ofE. chaffeensis, and a 30-kD/proldTof^? 
Immunoelectron microscopy with the rabbit antibody revealed that the antigenic epitope of the 28-kDa proTefn 
was exposed on the surface off. chaffeensis. Sonthem blot analysis with a ^^M^S^Z^JSm 
multiple copies pf genes homologous in the ctejta* genome. Six copies of ftepS?S^£2 

and sequenced from the genomic DNA by using the same probe. The open reading frames of these gent cS 
i^^rfT** " J, !!i inlei ? eniC ^ ™* were nonidentipal genes and contained a 
region and three hypervanable regions in the predicted protein molecules. One of the gene copies encoded a 
protein with an internal amino acid sequence identical to the chemically determined N-termmal amino add 
sequence of a 23-kBa protein of*, chaffeensis. Immunization with the recombinant P28 pre t™ ZS£ 

represent a family of antigenically related homologous proteins encoded by a single gene family 



Ehrlichia chaffeensis, which causes human monocytic ehrli- 
chiosis, is an obligate intracellular bacterium of monocytes and 
macrophages and belongs to the family Rickettsiaceae. Human 
ehrlichiosis is a tick-borne illness and was first reported in 1987 
in the United States (21). Most patients have fever, chills, 
headache, arthralgia, myalgia, and hematologic abnormalities' 
including thrombocytopenia and leukopenia. Elevation of liver 
enzymes occurs in most patients. Since 1987, over 400 cases of 
human ehrlichiosis, detected primarily by serological means 
have been reported in 30 states (3, 14, 16). 

Recently, several protein antigens of E. chaffeensis were 
identified by Western blot analysis with naturally infected hu- 
man sera, experimentally inoculated dog sera, or monoclonal 
antibodies (7-10, 13, 30, 35, 40-42). Two of these antigens 
namely, a heat shock protein (HSP) 60 homolog (35) and a 
120-kDa protein (41, 42), have been cloned, sequenced, and 
expressed. Two E: chaffeensis proteins ranging from 28 to 30 
kDa were shown to be dominant antigens and were cross- 
reactive between two Ehrlichia spp.: E. chaffeensis and E. canis 
(7, 30). Studies with monoclonal antibodies (MAbs) against E 
chaffeensis showed that two or three proteins of from 22 to 30 
kDa react with three MAbs by Western blotting and that these 
antigens are exposed on the surface of the organism as deter- 
mined by immunogold labeling of negatively staining ehrU- 
chiae (8-10, 40). However, why multiple proteins of different 
molecular sizes react with the MAbs has not been answered 
These E. chaffeensis antigens in the 30-kDa range have not 
been examined at the molecular level. 



* Corresponding author. Mailing address: Department of Veteri- 
nary Biosciences, College of Veterinary Medicine, The Ohio State 
University, 1925 Coffey Rd, Columbus, OH 43210-1093. Phone: (614) 
292-9677. Fax: (614) 292-6473. E-mail: rikihfaa.l @osu edu V 



In this study, we demonstrated that a potentially immuno- 
protective 28-kDa protein (designated P28) located on the E. 
chaffeensis surface and antigenically cross-reactive proteins in 
the 30-kDa range are encoded by a multigene family. 



MATERIALS AND METHODS 

Onanisms and purification. The K chaffeensis Arkansas strain and R canis 
OkUhoma strain w cre cultivated in Ibe DH82 dog macrophage cell Une (30) and 
purified by Percoll density gradient centrifugation as described elsewhere (32, 

Preparation of the ehrlichia! outer membrane fraction. The procedure for 
Ontntm tsutsugamushi was followed, with modifications (25). Briefly, purified 
ehrfichiae (100 ug) were suspended wilh 10 mM sodium phosphate buffer (pH 
^4) containing 0.1% sodium N-lauroyt sarcosioe (Sarkosyl) (Sigma, St Louis. 

S\S? g £f h) . ° f ° NaSC 1 (Slgma) and RNa * A ( Si g* a ) Vct ml, and ZS 
mM Mgdj. After incubation at 37'C for 30 min, Ibe sample was separated by 
centnfugabon at 10,000 X g for 1 h into the soluble supernatant and the insoluble 
precipitate. The insoluble pellet was resuspended two or three times with 0 1% 
Sarkosyl and centrifuged. The final pellet was analyzed by sodium dodecyl sul- 
fate-poryacrylamide gel electrophoresis (SDS-PAGE) as described elsewhere 
(31) and by electron introscopy. The pellet was used as the ehrlichia! outer 
membrane fraction. To investigate containination by the ehrlichia! inner mem- 
brane, succinic dehydrogenase activity was examined as described elsewhere 

Analysis of the N-terminal amino acid sequences of outer membrane proteins 
•n the 30-kDa range. Proteins in the SajkosyWnsotubte pellet prepared from 400 
jl P ," nf L C d £ ctofcw's were separated by reversed discontinuous SDS- 
PAGE (RdSDS-PAGE) (a 23-cm-long 17% gel on top of an ll^mCg n% 
gel) and electrophoreticalry transferred to a ProBlot membrane (Applied Bio- 
systems, Foster City, Calif.) as described elsewhere (44). The portion of the 
membrane containing bound proteins was excised and analyzed with an Applied 
Biosystems protein sequencer (model 470). 

<J^' d Z*? f0r *Sf ,i SfT ti0a . 0r ? 8ene W enrodin S » 28-kD» naajor protein 
traj oIK chafemm. The N-termmaJ amino acid sequence of P28 (one of the major 

£»!f^L < T nted * RdSDS-PAGE « described above) was determined as 
DPAGSG1NGNFYSGKYMP. We designed a forward primer, FECflHted 
adds 6 ««> 12 of tins sequence: 5' -CGGGATCCGA ATTrprc n/ Afrini 
QATTA^AACr/^ 

tions 1 to 5 of the N terminus of P28 were not included in this primer designto 
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increase annealing efficiency, since Ser with sir radons was present at position 5. For 
nisertion into an expression vector, a 14-bp sequence (underlined) was added at the 
5 end of Ibe primei to create an EcoRI site and a BamVR site. 

pnmcr dcsi S ncd tlDm •wo proteins which we found to be related 
to P28 based on N-terminal amino acid sequence comparison. One of the pro- 
teins was Cowdria ruminantium major antigen protein 1 (MAP-!). The C-termi- 
nal sequence of MAP-1 is as follows: (N terminus) . . . GGRFVF* (C terminus) 
(• is the termination codon) (36). The other protein was ihcAnaplasma margi- 
naU major surface protein 4 (MSP-4) (23), the entire amino acid sequence of 
which is homologous to that of C ruminantium MAP-] (361 The C-terminal 
sequence of MSP-4 is as follows: (N terminus) . . . GARFLFS* (C terminus). An 
ougooudeotide primer, RECH2, complementary to a DNA sequence corre- 
sponding to the ammo acid sequence conserved between the C termini of MAP-1 
and MSP-4, (N terminus) G(G/A)RF(V/L)F- (C terminus), was prepared, with 
tne addition of a 9-bp sequence (underlined) including a rVb/1 site at the 5' end 

Cloning, sequencing, and expression of the p28 gene. Genomic DNA of E 
chaffetnsts was isolated from purified organisms as described elsewhere (24) 
PCR amplification with FECH1 and RECH2 primers was performed with a 
Perkm-Elmer Cetus DNA Thermal Cycler (model 480). A 0.8-kb amplified 
product was cloned in the pCRD vector of a TA cloning kit, as described by the 
manufacturer (Invitrogcn Co., San Diego, Calif.). The clone obtained was des- 
ignated pCRu>2& Both strands of the inserted DNA were sequenced by a 
mdroxy termination method with an Applied Biosystems 373A DNA sequencer. 
■ The 0.8-kb p28 gene was excised from the done pCRILrf* by EcoVJ^Notl 
double digestion, ligated into EcoRl-Noa sites of a pET 29a expression vector 
and amplified in EschericJua coli BL21(DE3)pLysS (Novagen, Inc. Madison,' 
Wis.). The clone (designated V ET29p28) produced a fusion protein with a 35- 
amino-aad sequence earned from the vector at the N terminus. 

Antisera and Western Mot analysis. Convalescent-phase serum from a patient 
with clinical signs of human ehrlichiosis was used as described previously (30) 
For preparation of the rabbit anti-recombinant P28 (anU-rP28) antibody, the eei 
band corresponding to rP28 in SDS-PAGE was excised without staining, minced 
in phosphate-buffered saline (PBS) (pH 7.4), and mixed with an equal volume of 
Freund s incomplete adjuvant (Sigma). The mixture (1 mg of protein each time) 
was subcutaneous* injected into a rabbit every 2 weeks for four times. Antibody 
titers of the patient serum and the rabbit anti-rP28 antibody against^ chaffeensis 
antigen were determined to be 1:2,560 and 1:1,280, respectively, by indirect 
immunofluorescence assay as described elsewhere (29). 

Western blot analyses were performed with 1:1,000 dilutions of these sera by 
a procedure described elsewhere (31). The rabbit anti-rP28 antibody was preab- 
sorbed twice with pET29a-transformed E. coli at 3TC for 1 h each at a 1:300 
dilution pnor to use. Alkaline pbospbatase-conjugated affinity-purified anti-hu- 
man or anU-rabbit immunoglobulin G (Kirkegaard & Perry Laboratories, Inc., 

antibrt, } ^ U%d 31 * 1:1,000 ° r 1:2>00 ° dltu * on ** a scconda ry 

Immunoelectron microscopy. E c/^eemif-infected DH82 ceUs were soni- 
fy a a ^n°^l nfUgCd at 400 X s for 10 **n. ^ *"P«natanl was then centri- 
fuged at 10,000 X g for 10 min to obtain an ebrikhia-enriched pellet The pellet 
was resuspended and incubated with rabbit anti-rP28 antibody or normal rabbit 
serum (1:100 dilution) at 3TC for 1 h in PBS containing 1% bovine serum 
aibumin^After being washed, the ehrlichiae were incubated with gold-conjugated 
protein G (20 nm; Sigma) at a 1:30 dilution for 1 h at room temperature in PBS 
containing 1% bovine serum albumin. After being washed again, the specimen 
was fixed with I 25% formaldehyde, ZS% glutaraldehyde, and 0.03% trinilro- 
phenol n, 01 M cacodylate buffer (pH 7.4) for 24 h and postfixed in 1% 
HlnTd ^foT fc . Irit 7 anWc for 1 h P4). The section was then embed- 
ded m PoryBed 81 2 (Porysciences, Warrington, Pa.). The specimen was ultrathin 
sectioned at 60 nm, stained with uranyl acetate and lead citrate, and observed 
with a Philips 300 transmission electron microscope at 60 kV 

Southern Not analysis. Genomic DNA extracted from the purified E. 
chaffeensis (200 ng) was digested with restriction endonucleases, electropho- 
Slhit 0 T„^ fC T d J° ; H y bond - N+ "A™ membrane (Amersham, Arlington 
rW 528 ^ mC,b ° d ( l 3) * ^ °- 8 kb ^ W ^gment from the 

clone pCR \lp2R was labeled with [«- 32 P]dATP by the random primer method by 
using a kit (Boebnnger Mannheim, Indianapolis, Ind.), and the labeled fragment 
was used as a DNA probe. Hybridization was performed at 60"C in rapid- 

^r?w «^ n C ^ ( t mCrsba0,) for 20 b - ™ c ^ 0D sbcct ™ ****** * M * 
sns . °° k 15 M »odium chloride and 0.015 M sodium citrate) with 1% 

at -80-C bybn(fa2cd P robc * wcrc «P°"<« ^ Hyperfilm (Amenham) 

r^Vi iai ^ S r q9tadag rf gta0al ' "P 1 *" of lhe K 'Wemsb P 28 gene. The 
ffZ 2n **'l^& mcDt * * DNA, detected by genomic Southern blot anarysis 
as described above, were inserted into pBluescript II KS(+) vectors, and the 
recombinant piasmids were introduced into E coli DH5o. By using the colony 
b^ndization method (33) with the «P-labeled P 2H gene probe, four positrvl 

tv£r*ln? C it°? lhC transf0rmant - Thc P~^e clones were designated 
PEC2.6 . pEO 6, P PS2.6, and pPS3.6. These contained the ehrlicbial DNA frag- 
2 B of " RI >' ™<?«>m 2.6 (A/1), and 3.6 (ft/I) kb, re^cUvefy.^e 
m*rt* of the clones pEC3.6 and pPS2.6 overlapped as shown in Fig. 6. The 
overlapping area was further confirmed by PCR of E chaffeensis genomic DNA 
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witlitwo pairs of primer sets interposing the junctions of the four clones (see Fie. 
6> The 1J- to 1.6-kb flmdlD-lffrtdin, fl?«dlII-^coRl, or Xhol-EcoKL DNA 
fragments in pEC2.6 and pEC3.6 were subdoned for sequencing DNA sequenc- 
ing was performed with suitable synthetic primers by the dideoxy termination 
method as described above. 

Immunisation of mice and K chafftmsis challenge. The rP28 band in SDS- 
PAGE was excised, minced, and mixed with an equal volume of Freund's in- 
complete or complete adjuvant Nine male BALB/c mice (6 weeks old) were 
divided into two groups. Five mice were mtraperitonealry immunized a total of 
four times at 10-day intervals: twice with a mixture of the minced gel with rP28 
(30 to 40 p.g of protein per mouse each time) and incomplete adjuvant and twice 
with a mixture of the recombinant protein (the same amount as before) and 
complete adjuvant. Four mice were mtraperitonealry injected with a mixture of 
he minced gel without protein and the respective adjuvants. For ehrlichia chal- 
lenge, approximately 10 7 DH82 cells heavily infected with E. chafeensis were 
^1r^i^ S0Di ? UOD ' m ficnJm - frec Dulbecco modified Eagle medium 
(GJBCO-BRL) and centrifuged at 200 x g for 5 min. The supernatant w£ 
diluted to a final volume of 5 ml, and 03 ml was inoculated intraperitonealry into 
each mouse 10 days after the last immunization. 

Detection of R chafcensb 16S rDNA in £ftrficAw-cha»enged mice. At day 5 
p^alknge approxmiatery 1 ml of blood from each mouse was collected in an 

blood with a QIAampWood kit (Qiagen, In«x, Chatsworth, Calif.) and was used 
ast^e template for PCR detection of£L chafeensis 16S ribosomal DNA (rDNA) 
PCR detection with primers HE1 (5 f -CAATTGCTTATAACCITTTGGTTAT 

^ T VoZ 6 ^ ( 5 '" TATAG ^Acx:cm^TTAi^^ 

yield a 389-bp fragment specific to E chaffeensis 16S rDNA (41 was performed 
as described previously (39). The procedure allows detection from Zo p K of 
genomic DNA from purified E chaffetnsis. 

Sequence analysis. NucleoUde sequences were analyzed with the DNAS1S 
program fjlitachi Software Engineering Co, Ltd., Yokohama, Japan). A homol- 
ogy search was carried out with the GenBank, Swiss Plot, PDB, and PIR data- 
bases by usmg the software basic local alignment search tool (2) in the BLAST 
Jf!??Jf .( National Ccnl « iQ * Biotecbnobgy Information, Bethesda 
Md.> Prrylogenehc anarysis was performed by using the PHYUP software pack- 
age (version 3 5) (17). An evoluUonary distance matrix, generated by usmgTe 
Kimura formula (17) in the PROTDIST, was used for construction of a phylo- 
geneUc tree by usmg unweighted pair-group method anarysis (17). The data were 
also examined by using parsimony anarysis (PROTPARS in PHYUP) A boot- 
strap anarysis was carried out to investigate the stability of randomly generated 
trees by using SEQBOOT and CONSENSE in the same package 
Nucleotide sequence accession numbers. The nucleotide sequences of tbep2fl 

'^^^^r^L^t^ ass ^d GenBank accession numbers 
J72291 and AF021338, respectively^ 



RESULTS 



Identification of major outer membrane proteins of E. 

chajfeensis. The ehrlichia] outer membrane fraction was pre- 
pared from PercoIl-puriJied E. chajfeensis by Sarkosyl treat- 
ment. Transmission electron microscopy revealed that the 
purified ehrlichia! fraction consists of a mixture of small 
electron-dense and large h'ght forms with slight disintegra- 
tion of the inner membrane (Fig. 1A). The host inclusion 
membrane was not found with the purified ehrlichiae Var- 
ious sizes of membrane vesicles (<1 ixm) without significant 
nbosomes or nuclear materials were observed in the Sarko- 
syl-insoluble fraction prepared from the purified organism 
(Fig IB). Succinic dehydrogenase (an inner membrane 
marker enzyme of gram-negative bacteria) activity was less 
than the detection limit (1 nmol/min/mg of protein) in the 
Sarkosyl-insoluble fraction, compared to approximately 10 
nmol/mm/mg of protein in the Percoll-purified organisms 
suggesting that the insoluble fraction consisted primarily of 
the outer membrane of E. chajfeensis. 

Analysis of the Sarkosyl-soluble and insoluble fractions of R 
chaffeensis by SDS-PAGE suggested that proteins in the 30- 
kDa range in the insoluble fraction represent the major outer 
membrane proteins of this organism (Fig. 2A). E. canis was 
antigemcally cross-reactive with E. chaffeensis (7, 30). A similar 
result was obtained with E. canis by the same procedure (Fig 
2B). These findings indicate that the 30-kDa-range proteins 
represent the major outer membrane proteins of these two 
Ehrlichia spp. Since it was impossible to resolve overlapping 
protein bands in the 30-kDa range by conventional SDs£ 
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FIG. 1. Transmission electron microscopy of Percoll-purined E. chaffeensis 
(A) and of the insoluble precipitate after 0.1% Sarkosyl treatment of the organ- 
ism (B). Nole outer membrane vesicles of various sizes in panel B. Bars, 1 pjn. 



PAGE, RdSDS-PAGE was performed, and at least five pro- 
teins (P23, P25, P27, P28, and P29, designated based on the 
molecular sizes in Fig. 2C) of the outer membrane fraction of 
E. chaffeensis were resolved. The N-terminal amino acid se- 



quences of all these proteins were chemically determined, and 
that of P28 was found to be homologous to that of C rumU 
nantium MAP-1 (36) by a BLAST search. 

Cloning, sequencing, and expression of a gene (p28) encod- 
ing E. chaffeensis P28. A 0.8-kb p28 gene, amplified by PCR, 
was cloned and sequenced as described in Materials and Meth- 
ods. The 0.8-Jkb DNA fragment, cloned in pCRUp28 f had an 
open reading frame (ORF) of 756 bp encoding a 251-amino- 
acid protein (including both PCR primer regions) with a mo- 
lecular mass of 27,685 Da. E. coU transformed with pET29p28 
expressed a 31-kDa rP28 (Fig. 3A), which was larger than the 
native P28 because of the iusion protein. rP28 has an addi- 
tional 35-amino-acid sequence including the S.Tag peptide 
(20) derived from a pET expression vector at the N terminus. 
The serum from a patient with clinical signs of human ehrli- 
chiosis reacted strongly to rP28 (31 kDa) in E. coh f to P28 and 
P29 in E. chaffeensis, and also to P30 in E. canis (Fig. 3B). The 
rabbit anti-rP28 antibody recognized not only rP28 (31 kDa) 
and P28 but also P29 and P25 of E. chaffeensis and P30 of E 
canis (Fig. 3C), indicating that P28 shares antigenic epitopes 
with these proteins. 

Immunoeleclron microscopy. Transmission immunoelectron 
microscopy with colloidal gold-conjugated protein G and rab- 
bit anti-rP28 antibody revealed gold particles bound to the E. 
chaffeensis surface (Fig. 4). The distribution of the particles was 
random and close to the surface, and they appeared as if 
almost embedded in the membrane, suggesting that the anti- 
genic epitope only slightly protrudes on the surface. Nonethe- 
less, the antigenic epitope was surface exposed and thus could 
be recognized by rabbit anti-rP28 antibody. No gold particles 
were observed on the host cytoplasmic membrane or E. 
chaffeensis incubated with normal rabbit serum. 

Identification and characterization of genomic copies of the 
E. chaffeensis p28 gene. Genomic Southern blot analysis with 
several restriction enzymes resulted in one or more DNA frag- 
ments of E. chaffeensis which could hybridize to the 32 P-Iabeled 
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FIG. 3. Overexpression of the B, chaffeensis p28 gene (A) and Western blot 
analysis with convalescent-phase serum from a human ehrlichiosis patient (B) 
and with a rabbit anti-rP28 antibody (C). Lanes: M, molecular size markers; C, 
pET29a-transionned£. coU (negative control); R, pET29/72tf-transformed E *coU 
(recombinant) (arrowhead, rP28); Eca, purified E. conir, Ech, purified E. 
dwffccnsis. Dominant protein antigens with the molecular masses of P25 to P30, 
and rP28 (31 kDa), are schematically shown. Numbers indicate molecular masses 
in lolodaltons. 



p28 gene probe (Fig. 5). The restriction enzymes used do not 
cut within the p28 gene portion of the pCR\Jp28 insert, and 
therefore, this result indicates that multiple genes homologous 
to the p28 gene are present in the ehrlichial genome. Xbal, 
BglU, and Kpnl produced two bands, Spel generated three 
bands, and EcoRV and Pst\ produced multiple bands with 
different densities. EcoKl generated a broad band of 2.5 to 4 
kb. Triese /^tf-homologous genes are designated the omp-1 
(for outer membrane protein 1) family. 

Four DNA fragments from 2.6 to 3.6 kb were cloned from 
the EcoKl- and ftrl-digested genomic DNA of E. chaffeensis 
by colony hybridization with the radiolabeled p28 gene probe. 
The DNA inserts of the two recombinant clones pEC3.6 and 
pPS2.6 overlapped as shown in Fig. 6. Sequencing revealed one 
5'-truncated ORF of 243 bp (designated omp-lA) and five 
complete ORFs of 836 to 861 bp (designated omp-lB to omp- 
IF) that were tandemry arranged and homologous to the p28 
gene, but not identical, in the ehrlichial genomic DNA of 6,292 
bp. The intergenic spaces were 581 bp between omp-1 A and 
omp-lB and 260 to 308 bp among the others. Putative pro- 
moter regions and ribosome-binding sites were identified in 
the noncoding regions upstream from the start codon of each 
gene. 




FIG. 4. Transmission electron microscopy of E clioffeensis immunogold la- 
beled with a rabbit anti-rP28 antibody. Protein G-gold particles (20 nm) are 
locabzed on the surface of the organism. Bar, 0.1 jim. 



Structures of proteins encoded by the genes of the E. 
chaffeensis omp-1 family. Five complete omp-1 gene copies 
(omp-lB to omp-lF) encode 279- to 287-amino-acid proteins 
with molecular masses of 30,320 to 31,508 Da. omp-1 A encodes 
an 82-amino-acid partial protein (9,243 Da) which lacks the 
N-terminal region. The 25-amino-acid sequence at the N ter- 
mini of OMP-1B to OMP-1F (encoded by omp-lB to omp-lF t 
respectively) is predicted to be a signal peptide, because three 
carboxyl-terminal amino acids of the signal peptides (Ser-X- 
Ala in OMP-1B, Leu-X-Ser in OMP-C, and Ser-X-Ser in 
OMP-1D and OMP-1F) are among the preferred amino acid 
sequences of the signal peptidase at its processing site (26). 
The molecular masses of the mature OMP-1 B to OMP-1 F 
calculated based on the predicted amino acid sequences are 
28,181 Da for OMP-1B, 27,581 Da for OMP-1C, 28,747 Da for 
OMP-1D, 27,776 Da for OMP-1E, and 27,933 Da for OMP-1F. 
The estimated isoelectric points of these proteins are 4.76 to 




FIG. 5. Genomic Southern blot analysis of E. chaffeensis with a 32 P-tabeled 
Q.8-kbp28 gene probe of the pCRM>2a insert Numbers indicate molecular sizes 
in kibbases. 
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Alignment of predicted amino acid sequences of the E. 
chaffeensis OMP-1 proteins, along with that of C ruminantium 
MAP-1 (36), which is related to the OMP-1 family, revealed 
substitutions or deletions of one or several contiguous amino 
acid residues throughout the molecules. The significant differ- 
ences in sequences among the aligned proteins are seen in the 
regions designated semivariable (SV) and hypervariable (HV) 
in Fig. 7. Computer analysis for hydropathy revealed that pro- 
tein molecules predicted for all omp-1 gene copies contain 



alternative hydrophilic and hydrophobic motifs which are char- 
acteristic of transmembrane proteins. HV1 and HV2 were 
found to be located in the hydrophilic regions (data not 
shown). 

An amino acid sequence in HV1 (underlined within 
OMP-1F in Fig. 7) was identical to the chemically determined 
N-terminal amino acid sequence (NSPEOTFNVPNYSFK) of 
the E. chaffeensis native P23 protein, suggesting that P23 is 
derived from the omp-lF gent. Amino acid sequences identical 
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FIG; 8. Pbytogenetic relation/ship among six member* of the E. clxaffeensis 
OMP-1 family and C ruminantium MAP-1. The evolutionary distance values 
were determined by the method of Kimura (17), and the tree was constructed by 
unweighted pair-group method analysis. The scale bar shows 5% divergence in 
the ammo add sequences. The numbers at nodes are the proportions of 100 
bootstrap resamplings that support the topology shown. 



to the N-terminal sequences of P25, P27, and P29 were not 
found among those from omp-1 gene copies cloned in this 
study (data not shown). 

Similarities among amino acid sequences of the E. chaffeen- 
sis OMP-1 proteins. The amino acid sequences of five mature 
proteins without signal peptides (OMP-1C to OMP-1F and 
P28) were similar to one another (71 to 83%), but the se- 
quence of OMP-1B was dissimilar to those of the five proteins 
(45 to 48%). The amino acid sequences of the five proteins 
showed an intermediate degree of similarity to that of C. ru- 
minantium MAP-1 (59 to 63%), but the similarity between 
those of OMP-1B and C ruminantium MAP-1 was low (45%). 
In Fig. 8, these relations are shown in aphylogenetic tree based 
on the amino acid sequence alignment. Three proteins (P28, 
OMP-1D, and OMP-1F) and two proteins (OMP-1C and 
OMP-1 E) formed two separate clusters. OMP-1B was located 
distantly from these two clusters. C. ruminantium MAP-1 was 
positioned between OMP-1B and other members of the 
OMP-1 family. 

Protection against E chaffeensis challenge in rP28-immu- 
nized mice. To investigate whether immunization with rP28 
induces protection against E. chaffeensis infection, five mice 
were immunized with rP28 and four mice were inoculated with 
acrylamide gel without the recombinant protein (control). Be- 
fore challenge, all five immunized mice had a titer of 1:160 
against E. chaffeensis antigen by indirect immunofluorescence 
assay and all four nonimmunized mice were negative. Protec- 
tion was assessed by PCR detection of E. chaffeensis 16S rDNA 
in the buffy coat of blood collected from the mice at 5 days 
postchallenge. E. chaffeensis can transiently establish infection 
in BALB/c mice. The infection is spontaneously cleared, as E. 
chaffeensis cannot be reisolated in cell culture at day 10 postin- 
fection (28). Day 5 is the optimum time at which establishment 
of ehrlichial infection can be examined by PCR without the 
influence of residual DNA from the ehrlichiae used as the 
challenge before the spontaneous clearance of organisms takes 
place. The E chaffeensis-specific DNA fragment was observed 
in all nonimmunized mice but not in any immunized mice, 
indicating that immunization with rP28 apparently protects 
mice from ehrlichial infection (Fig. 9) and suggesting that the 
P28 is a potential protective antigen. 

DISCUSSION 

The outer membrane is the site where the host-ehrlichia 
interaction takes place. So far, the outer membrane fraction 




FIG 9. PCR detection oiR ckafetnsis 16S rDNA fragment in the blood of 
R ehoffeensts-chzliengcd mice previously immunized with rP28 ox nonimmu- 
nized. Template DNAs were prepared from blood buffy coat* (02 ml) of all 
chaDenged mice. The arrow shows the R chafeennsspcdSc 1 6S rDNA fragment 
(389 bp) obtained by PCR amplification. Lanes: 1, positive control (with a total 
DNA from DH82 celk infected with R chaffeensis as the template); 2, negative 
control (PCR without template); 3 to 6, nonimmunized mice; 7 to 11, immunized 
mice; 12, 1-kb DNA ladder marker (GIBCO). 



has not been prepared from any Ehrlichia spp.; consequently, 
the protein composition of the outer membrane is unknown. 
Using a Sarkosyl method, we identified five major proteins 
(P23 to P29) in the insoluble fraction of E. chaffeensis. Three of 
the five (P25, P28, and P29) were found to be antigenicity 
cross-reactive by using anti-rP28 antibody, and the antigenic 
epitopes were surface located in £. chaffeensis as demonstrated 
by transmission immunoelectron microscopy. These observa- 
tions, in addition to results of analysis by transmission electron 
microscopy and examination of succinic dehydrogenase activity 
in the Sarkosyl-insoluble fraction, support the usefulness of the 
Sarkosyl procedure for preparation of a fraction enriched in 
the outer membrane of E. chaffeensis. Like for O. tsutsuga- 
mushi (25), the concentration of Sarkosyl required for E. 
chaffeensis was lower than those required for other facultative 
intracellular bacteria (6, 18, 37). 

This is the first report in which the major outer membrane 
proteins of E chaffeensis in the 30-kDa range are identified and 
characterized at the molecular genetic and protein sequence 
levels. We and other investigators previously reported protein 
antigens of E. chaffeensis ranging from 22 to 30 kDa (7-10, 13, 
30, 40). The two dominant antigens, P28 and P29 in the current 
study, seem to correspond, respectively, to two proteins of 28 
and 30 kDa reported by Rikihisa et al. (30) and to two proteins 
of 28 and 29 kDa reported by Chen et al. (7). In both previous 
studies, the antigens were recognized predominantly by con- 
valescent-phase sera from human ehrlichiosis patients. P28 and 
P29 may also correspond, respectively, to proteins of 29 and 30 
kDa reported by Chen et al. (8), both of which were recognized 
by the 7C1-B and 3C7 MAbs. The current study, using the 
anU-rP28 antibody, and the study of Chen et al. (8), using the 
MAbs, indicated that P28 (the current study) and the 29-kDa 
protein (8) share antigenic epitopes with P29 (the current 
study) and the 30-kDa protein (8), respectively. In the current 
study, P25, P28, and P29 were recognized by the anti-rP28 
antibody. It is unknown whether E. chaffeensis P23, P25, and 
P27 (the current study) are identical to the three antigens of 
22, 26, and 28 kDa recognized by MAb 1A9 (8). The E canis 
30-kDa protein was recognized by the antibody to rP28 of E. 
chaffeensis (the current study) and by the 7C1-B MAb to E 
chaffeensis (8, 10). The 32-kDa MAP-1 of C. ruminantium (36) 
showed amino acid sequence similarity to all members of the 
E. chaffeensis OMP-1 family. C ruminantium MAP-1 also was 
cross-reactive to a 27-kDa protein of E. canis (22), although it 
is unknown whether the 27-kDa protein is identical to P30 of 
E. canis in the current study. By 16S rDNA sequence compar- 
ison, E. chaffeensis, E. canis, and C. ruminantium are closely 
related (12). Consequently, the 30-kDa-range proteins in the 
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OMP-1 family may be common antigens among the three spe- 
cies in the tribe Ehrhchieae. 

By using the PCR-amplified p28 gene as a probe, six similar 
genes were identified in the E. chaffeensis genome. Genomic 
Southern blotting results suggest the presence of additional 
omp-1 gene copies. However, the precise number of copies 
cannot be determined, since restriction site polymorphism in 
the gene copies may result in the production of several bands 
from a single copy. 

We think that P23 is generated from the OMP-1F by a 
specific processing, rather than by nonspecific degradation dur- 
ing the preparation of the outer membrane fraction, since 
there was no difference in protein profiles determined by SDS- 
PAGE among several batches of purified organisms or outer 
membrane fractions prepared in the presence or absence of 
proteinase inhibitors. 

Recently, in A. marginale, which is related to E. chaffeensis as 
determined by 16S rDNA sequencing (12), two multigene fam- 
ilies were found (1, 27). A family of msp-2 genes that encode a 
36-kDa major surface protein constitute a minimum of 1% of 
the genome and are distributed widely throughout the chro- 
mosome. In addition, strain variations of the msp-2 copies were 
demonstrated (27). A family of msp-3 gene copies that encode 
a 63-kDa major surface protein are also distributed widely 
throughout the chromosome, msp-3-12 has a DNA sequence 
area homologous to that of msp-2 within the ORF of msp-3-12. 
msp-3-11 and msp-3-19 have a DNA sequence area homolo- 
gous to that oi msp-2 outside ORFs (1). The omp-1 gene family 
of E. chaffeensis is different from these gene families of A. 
marginale. First, the ORFs of omp-1 gene copies were tan- 
demly arranged in the genome. Second, amino acid sequences 
among the. omp-1 copies have a greater variation than the 
reported variations of msp-2 copies of Anaplasma. The simi- 
larities were 45 to 83% among six omp-1 copies, whereas the 
similarity is 95% between two msp-2 copies (15). Strain vari- 
ability may also exist in E. chaffeensis y since the reactivities of 
protein antigens to MAb 7C1-B are different among three 
strains (8, 10). 

In phylogenetic analysis, three proteins (P28, OMP-1 D, and 
OMP-1F) belong to the same cluster. P23 (most likely derived 
from the omp-1 F gene), which was identified in the E. chaffeen- 
sis outer membrane fraction, also belongs to this cluster. It is 
unknown whether omp-W and other gene copies in different 
clusters are silent genes. These genes at least are not actively 
expressed in the population of E. chaffeensis from which our 
specimen was prepared, since the products from the omp-1 
gene family, except for P23, P25, P28, and P29, were not 
recognized in theSarkosyl-insoluble outer membrane fraction. 

We demonstrated that rP28 protected mice from E. 
chaffeensis infection or accelerated the spontaneous clearance 
of E. chaffeensis, suggesting that this or other omp-1 -related 
proteins, may be a protective antigen. Further molecular ge- 
netic studies are required to elucidate the mechanisms of the 
antigenic polymorphism or possible antigenic variation, Le., 
whether selective expression of the omp-1 gene copies is reg- 
ulated at the transcriptional level or by recombination events 
(gene conversions) among the unique gene repertoire, such as 
in the cases of the pili of Neisseria gonorrhoeae (19), vmp of 
Borrelia hermsii (5), and vis of Borrelia burgdorferi (43). 
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A 30-kDa major outer membrane protein of Ehrlichia canis, the agent of canine ehrlichiosis, is the major 
antigen recognized by both naturally and experimentally infected dog sera. The protein cross-reacts with a 
serum against a recombinant 28-kDa protein (rP28), one of the outer membrane proteins of a gene {omp-J) 
family of Ehrlichia chaffeensis. Two DNA fragments of E. canis were amplified by PCR with two primer pairs 
based on the sequences of£. chaffeensis omp-J genes, cloned, and sequenced. Each fragment contained a partial 
30-kDa protein gene of J?, canis. Genomic Southern blot analysis with the partial gene probes revealed the 
presence of multiple copies of these genes in the£. canis genome. Three copies of the entire gene (p30,p30-J, 
and p30a) were cloned and sequenced from the E. canis genomic DNA. The open reading frames of the two 
copies {p30 andp30-J) were tanderoly arranged with an intergenic space. The three copies were similar but not 
identical and contained a seraivariable region and three hypervariable regions in the protein molecules. The 
following genes homologous to three E. canis 30-kDa protein genes and the E. chaffeensis omp-J family were 
identified in the closely related rickettsiae: wsp from Wolbachia sp.,p44 from the agent of human granulocytic 
ehrlichiosis, tnsp-2 and msp-4 from Anaplasma marginale, and map-J from Cowdria mminantium. Pbylogenetic 
analysis among the three E. canis 30-kDa proteins and the major surface proteins of the rickettsiae revealed 
that these proteins are divided into four clusters and the two£. canis 30-kDa proteins are closely related but 
that the third 30-kDa protein is not. The p30 gene was expressed as a fusion protein, and the antibody to the 
recombinant protein (rP30) was raised in a mouse. The antibody reacted with rP30 and a 30-kDa protein of 
purified E. canis. Twenty-nine indirect fluorescent antibody (IFA)-positive dog plasma specimens strongly 
recognized the rP30 of E. canis. To evaluate whether the rP30 is a suitable antigen for serodiagnosis of canine 
ehrlichiosis, the immunoreactions between rP30 and the whole purified E. canis antigen were compared in the 
dot immunoblot assay. Dot reactions of both antigens with IFA-positive dog plasma specimens were clearly 
distinguishable by the naked eye from those with IFA-negative plasma specimens. By densitometry with a total 
of 42 IFA-positive and -negative plasma specimens, both antigens produced results similar in sensitivity and 
specificity. These findings suggest that the rP30 antigen provides a simple, consistent, and rapid serodiagnosis 
for canine ehrlichiosis. Cloning of multigenes encoding the 30-kDa major outer membrane proteins of E. canis 
will greatly facilitate understanding pathogenesis and immunologic study of canine ehrlichosis and provide a 
useful tool for pbylogenetic analysis. 



Canine ehrlichiosis is caused by Ehrlichia canis, an obliga- 
tory intracellular bacterium. It was described originally in Al- 
geria in 1935 (7), and it has now been reported throughout the 
world and at higher frequency in tropical and subtropical re- 
gions (13, 15, 32). Canine ehrlichiosis is characterized by fever, 
depression, anorexia, and weight loss in the acute phase, with 
laboratory findings of thrombocytopenia and hypergamma- 
globulinemia (3, 9). A subclinical phase follows the acute phase 
(5, 12, 28). In the chronic phase, in addition to the clinical signs 
and laboratory findings of the acute phase, hemorrhages, epi- 
staxis, edema, and hypotensive shock may occur, which are of- 
ten exacerbated by superinfection with other organisms (3, 9, 
16). 

Among several protein antigens of £ canis, the proteins in 
the 30-kDa range were shown to be dominant antigens and 
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consistently recognized by sera from both experimentally and 
naturally infected dogs in Western blot analysis (14, 25, 26). 
The proteins of E. canis immunologically cross-react with£/ir- 
lichia chaffeensis major antigens in the 30-kDa range (25). 
These E. canis and £. chaffeensis proteins were found to be 
major outer membrane proteins (OMPs) (22). Analysis of a 
28-kDa major OMP (P28) gene of £. chaffeensis, one of the 
30-kDa-range antigens, and its gene copies revealed that these 
proteins are encoded by a polymorphic rriultigene family (22). 
The rabbit serum against a recombinant £. chaffeensis P28 
protein cross-reacted with the 30-kDa protein of £. canis (22). 

Dot immunoblot assaying has been developed for serodiag- 
nosis of several infectious agents (4, 10, 11, 30). The advan- 
tages of the assay are that an expensive instrument is not re- 
quired and the interpretation of the results is easy, since 
positive and negative reactions can be distinguished by the 
naked eye. However, to be used as the antigen, purification of 
the organism from infected cells is essential, since E. canis is an 
obligate intracellular bacterium. Purification of £. canis is 
time-consuming and expensive, and serial passages of£. canis 
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in ihe cell culture may produce batch-to-batch variations. Al- 
though, no genes of E. canis other than the 16S rRNA gene 
have thus far been identified, preparation of a recombinant 
major antigen is expected to greatly improve the serodiagnosis 
of E. canis infection. 

Jn this study, three genes encoding the 30-kDa OMPs from 
the £. canis genome were identified. All were found to be 
homologous and phylogeneticaJry characterized. A recombi- 
nant protein of £. canis which was expressed as a fusion pro- 
tein was found to be highly antigenic. The dot immunoblot 
assay was developed with the recombinant E. canis protein. 

MATERIALS AND METHODS 

Organisms and purification. E canis Oklahoma and E. chaffeensis Arkansas 
were cultivated in the DH82 dog macrophage cell line and purified by Percoll 
density gjadjent centrifugation (22) or Sephacryl S-1000 column chromatography 
(26). 

PCR, cloning, and expression. The sequences of two forward primers, FECH1 
and FECH2, we're S' -CGGGATtXGAATTQ jCfA/T/G/OAT^A/T/OAAiTyC) 
GG(A/T/G/QAA(T/QTT(T/C)TA-3' and 5 CG GG ATCCG AATTCTAnVQ 
AT( A/T) A G (T/C)G G ( A/T/G/C) AA( A/G)TA (T/C) ATG-3 ' , conesponding to 
amino acid positions 6 to 12 and positions 12 to 18, respectively, of the mature 
28-kDa protein (P28) of E chaffeensis (22). These primers have a 14-bp sequence 
(underlined) at the 5' end to create an EeoRl site and a BamHl site for insertion 
into an expression vector. The sequence of a reverse primer, REC1, was 5'-AC 
CTAACTTTCCTTGGTAAG-3', complementary to the DNA sequence corre- 
sponding to amino acid positions 185 to 191 of the mature P28 of £. chaffeensis 
(22). 

Genomic DNA of E canis was isolated from Percoll gradient-purified organ- 
isms as described elsewhere (22). PCR amplification was performed by using a 
Perkin-Elmer Cetus DNA Thermal Cycler (model 480). The 0.6-kb products 
were amplified with both primer pairs, FECH1-REC1 and FECH2-REC1, and 
were cloned in the pCRH vector of a TA cloning kit (lnvitrogen Co., San Diego, 
Calif.). The clones obtained by FECH1-REC1 and FECH2-REC1 were desig- 
nated pCRIb?30 and pCRUp30a, respectively. Both strands of the insert DNA 
were sequenced by a dideoxy termination method with an Applied Biosystems 
373 DNA sequencer. 

For expression, the 0.6-kb fragment was excised from the clone pCRUp30 by 
EcoRl digestion, ligated into £coRl site of a pET29a expression vector, and 
amplified in Escherichia coli BL21(DE3)pLys (Novagen, Inc., Madison, Wis.). 
The clone (designated pET29p30) produced a fusion protein with 35- ami no- acid 
and 21 -ammo-acid sequences carried from the vector at the N and C termini, 
respectively. 

For purification of a recombinant P30 fusion protein (rP30), the cultivated 
clone was harvested at 4 h after induction with B-D-thiogalaclopyranoside. The 
recombinant protein in the clone pEr29jpJ0 was enriched in the pellet by three 
cycles of centrifugation of the lysate after disruption of the Iransformant by 
freezing- thawing and sonication. The final pellet was used as a partially purified 
rP30 antigen. Affinity-purified rP30 protein was obtained by chromatography 
with His- Bind Resin (Novagen, Inc.). Briefly, after preparation of the partially 
purified rP30 antigen, the insoluble protein was extracted with binding buffer 
(5 roM imidazole, 0.5 M Nad, 20 mM Tris-HCI [pH 7.9]), including 6 M urea. 
After being applied to a Ni + -conjugated column, Ihe recombinant protein was 
eluted with elution buffer (1 M imidazole, 0.5 M NaCl, 20 mM Tris-HCI [pH 7.9]) 
containing 6 M urea. The refolding of the purified protein was achieved by 
sequential dialysis in 20 mM Tris-HCI (pH 7.9) containing 4 and 2 M urea and 
finally in 20 mM Tris-HCI buffer only and stored at -80°C until use. 

Southern blot analysis. Genomic DNA extracted from the Percoll-purified 
E canis (200 ng each) was digested with restriction enzymes, electrophoresed, 
and transferred to a Hybond-N* nylon membrane (Amersham, Arlington Heights, 
III.) by a standard method (27). The 0.6-kb DNA inserts containing partial p30 
and p30a genes, cloned in pCRUp30 and pCRUp30a, respectively, were sepa- 
rately labeled with |a- 32 PJdATP by the random primer method with a kit (Am- 
ersham), and each labeled fragment was used for Southern blot analysis as a 
DNA probe. Hybridization was performed at 60°C in Rapid Hybridization buffer 
(Amersham) for 20 h. The nylon sheet was washed in 0.1 x SSC (IX SSC 
containing 0.15 M sodium chloride and 0.015 M sodium citrate) with \% sodium 
dodecyl sulfate (SDS) at 55°C, and the hybridized probes were exposed to Hy- 
perfilm (Amersham) at -S0TC. 

Cloning and sequencing of 30-kDa protein gene copies from the E canis 
genomic DNA. The f/wdlll DNA fragment, which was detected by genomic 
Southern blot analysis as described above, was inserted into pBlucscript II KS(+) 
vectors, and the recombinant plasmids were introduced into E coli DH5a. By 
using the colony hybridization method (27), two positive clones which contained 
ehrlichia! DNA fragments of 3.6 and 73 kb were isolated with the 37 P-labeled 
inserts of pCR\\p3V and pCRUp30a as probes, respectively. DNA sequencing 
was performed with suitable synthetic primers by the dideoxy termination 
method described above. 
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FIG. 1. Genomic Southern blot analysis of E canis DNA with the partial p30 
gene probe (A) and with the partial p30a gene probe (B) and schematic repre- 
sentation of the blotting patterns (C). Numbers indicate molecular sizes in 
kilobases. Filled dots, bands hybridized with both p30 and p30a probes; striped 
dots, bands hybridized with p30a probe alone; Lightly shaded dots, bands hybrid- 
ized with p30 probe alone. 



Sequence analysis. DNA and amino acid sequences were analyzed with the 
programs DNASIS (Hitachi Software Engineering America, Ltd., San Bruno, 
Calif.) and DNASTAR (DNASTAR Inc., Madison, Wis.). The amino acid se- 
quences were aligned by using the CLUSTAL method in the DNASTAR pro- 
gram. Phylogenetic analysis was performed by using the PHYL1P software pack- 
age (version 3.5) (8). An evolutionary distance matrix, generated by using the 
Kimura formula in the program PROTD1ST in the package, was used for con- 
struction of a phylogenetic tree by using the unweighted pair-group method of 
analysis (8). The data were examined by using parsimony analysis (PROTPARS 
irj the PHYUP). A bootstrap analysis was carried out to investigate the stability 
of randomly generated trees by using SEQBOOT and CONSENSE in the same 
package. 

Dog plasma and mouse serum. Totals of 34 and 8 dog blood samples with 
heparin or EDTA were obtained from the Southwest Veterinary Diagnostic 
Center (Phoenix, Ariz.) and at the Ohio State University Veterinary Teaching 
Hospital, respectively. All blood specimens collected were centrifuged at 250 X 
g for 5 min, and the plasma samples were used for this study. For Western blot 
analysis, these plasma samples were preabsorbed three times with pET29a- 
transformed E coli at 4*C overnight prior to use. For preparation of the mouse 
anti-rP30 serum, a male mouse (BALB/c) was intraperitonealry immunized a 
total of four times at 10-day intervals, once with an equal mixture of the affinity- 
purified rP30 (30 u.g of protein) and Freund's complete adjuvant (Sigma) and 
three times with an equal mixture of the protein (30 tig) and Freund's incomplete 
adjuvant. The mouse was sacrificed 7 days after final immunization, and the 
serum was prepared from blood collected from the heart. 

D7A and Western blot analysis. Indirect fluorescent antibody assays, (IFA) and 
Western blot analysis were performed by a procedure described elsewhere (25). 
Fluorescein isothiocyanate-conjugated goal anti-dog immunoglobulin G (IgG; 
Organon Teknika Co., Durham, N.G) and peroxidase-conjugatcd affinity-puri- 
fied anti-dog IgG (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, Md.) 
were used at dilutions of 1:200 for IFA and 1:2,000 for Western blot analysis, 
respectively, as secondary antibodies. 
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f SV HV1 



P30 MNCKWF1AS XLISLMSFLP SVSFSES1HE CNIN-GN FYISAKYMP SASHFGVTSV JtE EKN TTTGVFCLKQ DWDGATIKDA SSSOTIDPST IPSISNYSFX 100 

P30-I RIL.TT YSI. . I - . . OT.QD C.HG- . . C. .V. .V S..A .SK S.V H SP.LKH KHAD .TVP R 93 

P30o .KY.KT.TV7 ..VL.T..TH FIP. YSPARA ST.H--. G T I. .ft .OS 7. KVLV. . D. RLSHNI .NNN DTAKS LXVQ $3 

P28 ..T.KV..T I.S.. G DPA-G SC..-.. — - G A .. .R. ..V N...SA.SNS .PND- V.TV 93 

OMP-1P R...TT T.V Gl . . . DAVQN ..VG-.. G. .V. .V A .Q . R S. .SKW .PES T.NVP Si 

0MP-1E K...TT ..V Gl . . . DPVQG ...S-.. . .V.G M. .A .. ... P.VALY E.-ISSSS HNIW H.HNXG 93 

OHP-1D ...EK...TT ..TL Gl.L.DPVQD ...5-.. G A .. . R. ..V IE. . . RCV.SRT TL.D ..TVP 94 

OMP-1C K...TT ..ALP G1IX..PVQD -SVS-. . G A ... P.VALY N. -VSASS HADA D.NNKG 93 

OMP-1B . .Y.XI.VS 1.. YQ..ADPVTS NDTGINDSRE C V. N. . I . . . RK . .A E. AFXNGNTS 1 . KK K. GD.AQ.A M.NRTDPALE 9B 

HAP-1 KI..T. T V G DV.Q. E.NPV.S V T KM. I .. DSR D.KA K VXTPSG NTNS .TEKD 95 

OMP-1A - - - - 

HV2 



P30 YENNPFLCFA GAICYSMGGP RVEFEVSYEI F0VKWQGHST KNI1AH— KYC ALSRHTGGMP Q- AG HQ NKFVFLKN DGLLD1 SLMI NACYD1TIDS HPFSPYICAG 201 

P30-1 1... I. ..A . ...SPNIW. 0 --R H. . SAAM E- . - - D I. ...A IN.K V.V 191 

P30» .K R I.NS .X.L...H.. ..T..P..N. L..S.-- HGSHICS DGNSGDWYTA JCTD. . . L V.F.L TEK 201 

P28 D.. .I.L T N. ..E..--R H — NSAA DMSSA5 — .N P.L WGEG 1 193 

OMP-1F V..L.N.. .I.L.M...T N --..Y . . TO- -NSGC lOSNAG D L VJSEGX 194 

OMP-JE T N --R. . ..GO QDN SG1PKT S.Y.L..S F.L XKE. X.L 192 

OMP-1D L.S D. . .I.L A N. . . B. . --R.Y . . .HLL.TET .ID. AG- SAS...1 K.P.L VIS EG I 196 

OMP-1C 1 T GN --R.. . . D. KAS STNATA --SHY. L L WSEC 1 193 

OKP-IB FQ. .LIS. .S .S...A.D. . .X.L.AA.OK . . A. . PD.ND T. SCDYY. . P C . . . EDAIA- DK.Y.V ITFN. . .V .T AEG V. . 1 . . A. . . 196 

MAP-1 V N. . .1 T ...R.P.GN --M. . DTAS SSTAGA TTS.MV. . .N.T L ML.G ..V...V... 193 

OMP-1A - - '— __ 

HV3 



P30 IGSOLVSMFE TTNPKISYOG KLGVSYS1SP EASVFVCGHP HRVIGKEFRD I PA- --IT PA GATEIKGTQF -TTVTLMICM FCLELGGRFTF 288 



P3 0-1 
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FIG. 2. Amino acid sequence alignment of P30, P30-1, and P30a of £ cants, seven members of E. chaffeensis omp-1 multigene family (P28 and OMP-1A to 
OMP-1 F), and MAPI of C. ruminantium (SenegaJ strain). The sequences of the E. chaffeensis omp-1 gene farotfy and MAP-1 are from the reports of Oh ash j et al. (22) 
and Van Vliet et aJ. (31), respectively. Aligned positions of identical amino acids with P30 of £ canis are indicated by dots. Gaps (indicated by dashes) were introduced 
for optimal alignment of all proteins. Bars indicate an SV and three HVs (HV1, -2, and -3). The arrowhead indicate the putative cleavage site of the signal peptide. 



Dot immunoblot assay. Protein concentrations of purified £. canis and recom- 
binant rP30 antigens were determined by a bicinchonimc acid protein assay 
(Pierce, Rockford, 111.) with bovine serum albumin as a standard. These antigens 
in Tris-buffered saline (TBS; 50 mM Tris-HCl [pH 7.4], 150 mM NaCI) were 
adsorbed onto a nitrocellulose membrane by using a dot blot apparatus (Bio-Rad 
Laboratories, Richmond, Calif.), blocked for 30 min with TBS containing 2% 
milk, air dried, and stored at -20°C until use. For immunoassays, the antigen 
bound to a nitrocellulose strip was incubated with the plasma samples, which 
were diluted 1:1,000 in TBS containing 2% milk for 1 h at room temperature. 
After being washed three times with TBS containing 0.05% Tween 20 (T-TBS), 



the strip was incubated with peroxidase-conjugated affinity-purified anti-dog IgG 
(Kirkegoard) at a dilution of 1:2,000 in TBS containing 2% milk. After being 
washed with T-TBS, the antibody-bound dot was detected by immersing the strip 
in a developing solution (03% 3,3'-diarainobenzidin€ tetrahydrochrolide |Na- 
calai Tesque, Inc., Kyoto, Japan] and 0.05% hydrogen peroxide in 70 mM sodium 
acetate |pH 6.2]). The color intensity was analyzed by using background correc- 
tion in image analysis software (ImageQuaNT program; Molecular Dynamics, 
Sunnyvale, Calif.). 

GenBank accession number. The DNA sequences of the p30,p30a, and p30-l 
genes of E canis have been assigned GenBank accession numbers AF078553, 
AF078555, and AF078554, respectively. 




P30 (£. c*nh) 
P30-1 |E. c*nte) 
P2B (E. chafteensisl 
OMP-1 D (E. chaffeensis) 
OMP-iF (£ ennftoensis) 
OMP-1 E (£. cfiatteensis) 
OMP-1 C [£. chatttvnsis) 



|a, 



a2 



.or- MAP-1 (C. rwrurunthtm Serwgaf ) 
MAP-1 (C. ntmhanOum Antigua) 
MAP-1 (C. fwntnanthimGan^ti 
MAP-1 (a mmtnanttum Um Baneln) 
MAP-1 (C. /unrnantfum Nyalianga) 
7BJL.MAP.I (CL rumhantkim WdgevorxKsn) 

MAP-1 {C. rvmlnanHum Crystal Sprinys) 
loo I MAP-1 {C. ruminant 

P30a (F. canis) 

OMp.1B<£.Gfw/r**wis> 
WSP ( Wdbacha sp. Wha) 
too f WSP jYWbocMa cp. WcoQ 



WSP ( WcJbochia q>. Wri) 
MSP-4 IA. mat&nak) 



P44 (HGE ao«H) 
rMSP2-MA.n»an>w<fl) 
*-MSP22{A.marghato) 



RESULTS 

Cloning and sequencing of three 30-kDa protein gene copies 
of E. canis. Two 0.6-kb DNA fragments containing partial p30 



FIG. 3. Phylogenctic classification among P30, P30-1, and P30a of E. canis 
and the major OMPs of the closely related rickeltsiae based on amino acid se- 
quence simDarities. Evolutionary distance values were determined by the method 
described by Kimura, and the tree was constructed by the unweighted pair-group 
method of analysis. Scale bar indicates 10% divergence in amino acid sequences. 
Bootstrap values from 100 analyses are shown at the branch points of the tree. 
Bars with symbols indicate representative clusters. The GenBank accession num- 
bers of the major OMP gene sequences of the organisms used in the analysis are 
as follows: P28 (£1 chaffeensis), U72291; OMP-IB to OMP-1 F (£ chaffeensis),' 
AF021338; MAP-1 (C ruminantium Senegal strain), 140882, MAP-1 (C rumi- 
nantium Antigua strain), U50830; MAP-1 (C ruminantium Gardel strain), 
U50832; MAP-1 (C. ruminantium Um Banein strain), U50835; MAP-1 (C nt- 
minantium Nyatsanga strain), U50834; MAP-1 (C. ruminantium Welgevonden 
strain), U49843; MAP-1 (C. mminaniium Crystal Springs strain), U50831; 
MAP-1 (C. ruminantium Highway strain), U50833; WSP {Wolbachia sp. Wha 
strain), AF020068; WSP (Wolbachia sp. Wcof strain), AF020067; WSP {Wolba- 
chia sp. WmelH strain), AF020066; WSP (Wolbachia sp. Wri strain), AF020070; 
MSP-4 (A. marginale), Q07408; MSP2-1 (A. marginale), U07862; MSP2-2 (A. 
marginale), U36T93; and P44 (HGE agent), AF059181. 
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TABLE 1. Similarities among amino acid sequences of £ canis P30, P30-1, and P30a; £. chaffeensis omp-1 family (OMP-1B to OMP-IF and 
P28); C ruminantium MAP-1; Wolbachia spp. WSP; HGE agent P44; and A marpnafe MSP-4, MSP2-1, and MSP2-2 



% Amino acid sequence similarity and evolutionary distance for the following proteins*: 



rTotem 


P30 


P30-1 


P30a 


P28 


OMP-IF 


OMP-1 E 


OMP-1D 


OMP-1 C 


OMP-JB 


MAP-1 
(Senegal) 


MAP-1 
(Antigua) 


P30 




80.2 


70.8 


80.6 


803 


78.6 


77.8 


773 


632 


75.4 


762 


P30-1 


038628 




71.6 


79.8 


81.7 


78.7 


783 


77.3 


632 


74.7 


75.6 


P30a 


0.60811 


0.60559 




73.9 


72.1 


733 


712 


72,1 


58.8 


67.2 


67.8 


P28 


0.36288 


0.40582 


030899 




85.7 


823 


863 


81.1 


63.6 


76.4 


773 


OMP-IF 


037862 


036209 


039907 


0.27551 




83.4 


84.9 


83.0 


63.2 


75.4 


75.8 


OMP-1 E 


0.41426 


0.42866 


032142 


035465 


032640 




81.7 


90.1 


63.4 


76.8 


783 


OMP-1D 


0.45193 


0.46724 


0.61591 . 


0.25793 


0.28867 


036288 




813 


63.2 


733 


743 


OMP-1 C 


0.45426 


0.48329 


037469 


039823 


034577 


0.18285 


037688 




62.4 


76.0 


773 


OMP-1B 


0.89214 


0.87276 


0.99793 


0.81397 


0.83501 


0.82982 


0.84498 


0.89516 




62.7 


632 


MAP-1 (Senegal) 


0.50490 


031605 


0.76041 


0.46987 


030383 


0.46987 


037453 


030564 


0.92668 




93.9 


MAP-1 (Antigua) 


0.47614 


030899 


0.74635 


0.46755 


032220 


0.46096 


037153 


0.4S952 


0.88842 


0.09122 




MAP-1 (Gardcl) 


0.48606 


0.49693 


0.72910 


0.47185 


031256 


0.46096 


034403 


0.45280 


0.89649 


0.13499 


0.1 1546 


MAP-1 (Crystal Springs) 


0.55702 


0.53478 


0.78883 


032220 


036563 


0.49693 


039089 


033368 


0.93601 


0.13657 


0.14142 


MAP-1 (Highway) 


0.52891 


032047 


0.76041 


0.49443 


034364 


0.46987 


037594 ' 


030564 


0.93601 


0.12383 


0.12856 


MAP-1 (Nyatsanga) 


0.50593 


0.49693 


0.76544 


0.49196 


033368 


0.46755 


037296 


0.48952 


0.91855 


0.13077 


0.11963 


MAP-1 (Urn Banein) 


0.48606 


0.49693 


0.72910 


0.47185 


031256 


0.46096 


034403 


0.48280 


0.89649 


0.12658 


0.11963 


MAP-1 (Welgevonden) 


032629 


030383 


0.74708 


0.49877 


033368 


0.47419 


0.60290 


0.48952 


0.92979 


0.16080 


0.14519 


WSP (Wha) 


137097 


1.66864 


1.78274 


1.59949 


130435 


1.38174 


1.61950 


1.45510 


1.41776 


138338 


1.48404 


WSP (WcoO 


1.46262 


1.62571 


1.62571 


135195 


1.40877 


1.29961 


1.60271 


1.41762 


133110 


135897 


133089 


WSP (WroelH) 


1.48165 


1.64952 


1.64952 


134244 


139991 


131514 


1.59304 


1.43572 


1.34750 


134961 


1.49206 


WSP (Wri) 


1.46435 


1.66864 


1.70518 


135687 


1.46526 


1.27219 


137654 


139076 


1.32111 


133292 


1.47465 


P44 


1.77884 


1.84928 


Z04164 


136146 


1.74020 


1.64702 


1.64376 


1.64702 


1.64566 


137894 


1.63909 


MSP-4 


137226 


139399 


1.62744 


1.38660 


1.45473 


136494 


1.45413 


1.47002 


1.34294 


1.23482 


1.31702 


MSP2-1 


130323 


133992 


1.90757 


1.40230 


139474 


133455 


1.40877 


130435 


132758 


133992 


134847 


MSP2-2 


132476 


133992 


1.87540 


1.40230 


137132 


1.53455 


1.40877 


1.50435 


135019 


131796 


132616 



° Values in the upper right half are percent amino acid sequence similarities; those in the lower left half are evolutionary distances. 



and p30a genes, amplified by PCR, were cloned and sequenced 
as described in Materials and Methods. The 0.6-kb DNA, 
cloned in pCRIlp30, had an open reading frame (ORF) of 579 
bp encoding a 193-amino-acid protein with a molecular mass 
of 21,175 Da. Another 0.6-kb fragment, cloned in pCRUp30a, 
had an ORF of 564 bp encoding a 188-amino-acid protein with 
a molecular mass of 21,042 Da. The DNA and predicted amino 
acid sequences of the partial p30a gene were similar but not 
identical to those of the partial p30 gene. Genomic Southern 
blot analysis of £. canis digested with several restriction en- 
zymes revealed one and two DNA fragments which could 
strongly hybridize to the partial p30 and p30a gene probes, 
respectively (Fig. 1). These restriction enzymes used do not cut 
within the p30 and p30a gene probes, and, therefore, the result 
with ihep30a probe indicates that another gene homologous to 
the p30a is present in the E. canis genome. \uBgl\\ £coRI, and 
Pst\ digestion, the p30 probe hybridized with the upper band of 
the two/?50fl-hybridized bands. In EcoRV and Xbal digestion, 
the/?J0 probe hybridized with the lower band of the two p30a- 
hybridized bands. In Kpnl, Spe\, and//mdlll digestion, \hep30 
probe hybridized with one or two bands that were different 
from the /?50<2-hybridized bands. 

Two DNA fragments of 3.6 and 7.3 kb were cloned by colony 
hybridization with the probes described above from the HindlM- 
digested genomic DNA off. canis. Sequencing revealed a com- 
plete ORF of 864 bp for the p30 gene in the 3.6-kb fragment 
and a complete ORF of 861 bp for p30a gene in the 73-kb DNA 
fragment. An additional ORF of 921 bp was found in the 3.6- 
kb DNA. The DNA sequence of the ORF (designated p30-l) 
was also similar but not identical to those of the p30 and p30a 
genes. There are two potential start codons in the p30-l gene 
sequence. By comparison with the N-terminal amino acid se- 
quences otp30 and p30a genes, we chose a second ATG as a 
start codon for phylogenetic analysis. The coding region is 834 



bp. The p30-l and p30 genes were tandem ly arranged with an 
intergenic space of 355 bp in the 3.6-kb fragment like the 
E. chaffeensis omp-1 family (22). In addition to the result of the 
genomic Southern blot analysis, this finding showed that at 
least four homologous genes (p30, p30-I ', p30a, and a gene 
homologous to p30a) exist in the E. canis genome, suggesting 
that these genes of E. canis are also encoded by a polymorphic 
multigene family as is the case with £. chaffeensis (22). 

Structure of proteins encoded by E. canis nmltigenes. Three 
complete gene copies (p30, p30-l t and p30a) encode 278- to 
288-amino : acid proteins with molecular masses of 30,485 to 
31,529 Da. The 25-amino-acid sequence at the N termini of 
P30, P30-1, and P30a (encoded by p30 y p30-l, and p30a y re- 
spectively) is predicted to be a signal peptide, as described pre- 
viously (22). The molecular masses of the mature proteins cal- 
culated based on the predicted amino acid sequences are 28,750 
Da for p30, 27,727 Da for p30-l y and 29,132 Da for p30a. 

The predicted amino acid sequences of £. canis P30, P30-1, 
and P30a showed high similarity with those of members in the 
£ chaffeensis omp-J gene family (22) and that of major antigen 
protein 1 (MAP-1) ofCowdria ruminantium (31). These organ- 
isms are also serologically CToss-reactive (6, 17, 18, 19, 20). The 
alignment of amino acid sequences of these proteins revealed 
substitutions or deletions of one or several contiguous amino 
acid residues throughout the molecules (Fig. 2). The significant 
differences in sequences among the proteins are observed in 
the regions designated S V (semivariable region) and H V (hy- 
pervariable region). Computer analysis for hydropathy re- 
vealed that protein molecules predicted for three E canis gene 
copies contain alternative hydrophilic and hydrophobic motifs 
which are characteristic of typical transmembrane proteins. 
HV1 and HV2 were located in the hydrophilic regions (data 
not shown). 
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TABLE 1 — Continued 



% Amino acid sequence similarity and evolutionary distance for the following proteins: 



MAPI 


MAPI 


MAPI 


MAP-1 


MAP-1 


MAP-1 


WSP 


WSP 


WSP 


WSP 


P44 


MSP-4 


MSP2-1 


MSP2-2 


(Gardel) (Crystal Springs) (Highway) (Nyatsanga) (Urn Banein) (Welgcvondcn) 


(\Vha) 


(Wcof) 


(WmclH) 


(Wri) 


*7A A 

to.'* 




"7< A 


o.s 


76.4 


75.2 


44.4 


44.6 


44.4 


44.4 


193 


45.6 


27.8 


27.4 


1A *J 


73.9 


743 


74.7 


74.7 


743 


44.0 


45.1 


44.8 


44.6 


203 


47.6 


293 


■29.1 


O/.u 


65.9 


663 


66.7 


67.6 


67.2 


413 


43.2 


42.9 


423 


193 


43.1 


. 24.2 


243 


/J-0 


~IA < 


K A 
fj.H 


75.2 


75.8 


74.9 


44.0 


44.8 


44.8 


44.6 


223 


46.9 


29.7 


293 


1A < 


73.3 


73.9 


n o 


74.5 


73.9 


44.6 


45.9 


45.9 


45.3 


21.1 


46.2 


27.8 


27.8 


76.2 


75.4 


76.2 


76.0 


76.2 


75.8 


45.7 


46.9 


46.7 


46.9 


.22.0 


473 


283 


28.0 


74.1 


73.1 


733 


733 


74.1 


72.4 


43.6 


443 


44.2 


44.2 


22.0 


46.0 


29.9 


29.7 


75.8 


743 


75.4 


75.6 


75.8 


75.6 


453 


46.1 


45.9 


46.1 


22.0 


46.6 


28.6 


28.4 


63.6 


63.2 


63.2 


63.2 


63.6 


62.9 


453 


45.1 


44.8 


45.5 


19.1 


45.8 


26 9 


zoo 


91.4 


90.7 


91.4 


91.6 


91.8 


90.1 


44.6 


45.1 


45.1 


45.1 


21.8 


48.8 


28.0 


28.0 


91.8 


90.7 


91.4 


91.6 


91.6 


903 


44.8 


45.1 


45.3 


45.3 


21.8 


48.0 


28.0 


28.0 




92.2 


92.8 


94.9 


99.6 


933 


44.6 


44.4 


44.4 


44.4 


20.9 


463 


27.6 


27.4 


0.12928 




98.9 


93.1 


92.4 


93.1 


43.4 


43.4 


43.4 


43.2 


20.0 


46.1 


26.7 


26.7 


0.11692 


0.01764 




93.7 


93.1 


93.7 


43.8 


43.8 


43.8 


43.6 


20.2 


463 


273 


27.2 


0.08788 


0.11285 


0.10076 




943 


95.4 


43.8 


43.8 


43.8 


43.8 


203 


46.7 


28.0 


27.8 


0.00693 


0.12514 


0.11285 


0.09570 




933 


44.6 


44.4 


44.4 


44.4 


20.9 


46.5 


27.6 


27.4 


0.11966 


0.11285 


0.10076 


0.08014 


0.11966 




44.2 


44.0 


44.0 


44.0 


20.2 


463 


27.8 


27.6 


1.51972 


1.73099 


1.65953 


1.64538 


131972 


138048 




86.1 


86.1 


903 


123 


423 


22.9 


22.7 


1.47157 


1.59304 


133089 


135897 


1.47157 


132893 


0.27243 




983 


90.9 


13.6 


42.1 


24.0 


24.0 


1.46262 


1.58338 


132153 


134961 


1.46262 


1.51972 


0.26757 


0.03029 




90.7 


13.6 


4Z3 


23.8 


23.8 


1.44526 


1.64362 


137654 


133292 


1.44526 


130279 


0.18429 


0.17605 


0.17691 




13.6 


433 


24.0 


23.8 


1.62813 


1.74020 


1.71093 


1.68253 


1.62813 


1.71093 


2.06354 


2. 15803 


2.14440 


2.09032 




25.7 


453 


453 


U3120 


1.35101 


1.30992 


131112 


133120 


133120 


1.72157 


1.96007 


1.90199 


1.72157 


1.20170 




35.6 


34.9 


1.50996 


137836 


133304 


1.46817 


130996 


1.48884 


1.70865 


1.79325 


1.81891 


1.72741 


0.83164 


1.20880 




95.6 


1.509% 


1.55543 


131116 


1.46817 


130996 


1.48884 


1.70865 


1.75923 


1.78382 


1.72741 


0.84284 


1.23930 


0.03064 





Pbylogenetic relationship among the three E. canis 30-kDa 
proteins and the major OMPs of the closely related rickettsiae 
based on amino acid sequence similarities. Recently, several 
major OMP genes which are closely related to the E. canis 
30-kA protein have been cloned from rickettsiae (2, 21-24, 31, 
34). The phylogenetic tree consisting of 25 major OMPs of the 
organisms including P30, P30-1, and P30a of E. canis was 
constructed from the estimated evolutionary distances (Fig. 3). 
The overall pattern of the tree reflects the result based on 16S 
rRNA gene sequence analysis of the rickettsiae. The 23 rep- 
resentatives, except for£. canis P30a and£. chaffeensis OMP- 
1B, are divided into four groups as follows: E. canis and 
E. chaffeensis, group a; C. ruminantium t group 0; Wolbachia 
sp., group 7; and the agent of human granulocytic ehrlichio- 
sis (HGE) and Anaplasma marginale, group 8. Group a 
formed a subcluster of E. canis P30 and P30-1 (group al), 
which was separated from another subcluster composed of five 
E. chaffeensis OMPs (group a2). The similarities between P30 
and P30-1 of E. canis in group al, between groups al and a2, 
between groups al and p, between groups al and 7, and 
between groups al and 5 were 80.2%, 77.3 to 80.6%, 73.9 to 
76.4%, 44.0 to 45.1%, and 19.5 to 47.6%, respectively (Table 
1). On the other hand, E. canis P30a and E. chaffeensis 
OMP-1B were far from group a and were located between 
groups P and 7. The similarities between E. canis P30a and 
group al, between P30a and group a2, between P30a and 
group p, between P30a and group 7, and between P30a and 
group 5 were 70.8 to 71.6%, 71.2 to 73.9%, 65.9 to 67.8%, 41.5 
to 43.2%, and 19.5 to 43.1%, respectively. 

Expression of the E. canis p30 gene: The clone pET29p30 
produced a 249-amino-acid fusion protein with a molecular 
mass of 27,316 Da (Fig. 4A). The recombinant protein (rP30) 
with minimum E. coli contamination delectable was obtained 
in the pellet by centrifugation of the lysate of the transformant 
(Fig. 4B [partially purified antigen]). The rP30 protein further 



purified by affinity chromatography from this preparation 
had a single band on SDS-polyacryl amide gel electrophoresis 
(PAGE) (Fig. 4B [affinity-purified antigen]). The immunore- 
actions of E. canis rP30 with a total of 42 clinical dog plasma 
specimens were examined. The IgG-IFA titers of 29 plasma 
samples were 1:20 to 1:10,480. The remaining plasma samples 
were I FA negative (<1:20). Western blot analysis revealed that 
all IFA-positive plasma samples recognized the partially puri- 
fied rP30 fusion protein (27 kDa) and a 30-kDa protein of 




FIG. 4. SDS-PAGE profiles of a recombinant clone expressing P30 of £ ca- 
nts (A) and (he purified recombinant protein (B). Gels were stained with Coo- 
raassie blue. Lanes: M, molecular size markers; C, pET29-transformed £ coli 
(negative control); R, pET29p 30- transformed £ coli (recombinant); Eca, puri- 
fied £ canis; PP-rP30, partially purified rP30 fusion protein of E. canis; and 
AP-rP30, affinity-purified rP30 fusion protein. The recombinant rP30 protein is 
indicated by the arrow. The numbers on the left of each panel indicate molecular 
masses in kilodaltons. 
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FIG. 5. Western blot analysis with clinical dog plasma with canine ehrlichio- 
sis (A and B) and mouse anti-rP30 serum (C). (A) Dog plasma with a 1 :40 IFA 
titer against E. cants; (B) dog plasma with a 1:1,280 IFA titer. Lanes: DH, DH82 
dog macrophage cell (negative control); C, a pET29-transformed £ coli (nega- 
tive control); Eca, purified £ canis (reactive 30-kDa protein is indicated by 
arrows in each panel); PP-rP30-Eca, a partially purified rP30 fusion protein (27 
kDa) of £ canis; and PP-rP28-Ech, a partially purified rP28 fusion protein (31 
kDa) of £ chaffeensis (22). Anoiher smaller reactive band which may be a 
degradation product of rP28 of £ chaffeensis is indicated by an asterisk. 



er partially purified rP30 is suitable as an antigen for serodi- 

agnosis. 

Nitrocellulose strips having serially diluted purified E. canis 
or partially purified rP30 antigen of E. canis were reacted at a 
1:1,000 dilution with dog plasma samples with different IFA 
titers against £. canis, and the color intensities of the reaction 
of each dot were compared (Fig. 6). Dots of 0.01 to 1 \ig of the 
purified organisms (Fig. 6A) or dots of 0.025 to 1 u.g of rP30 
(Fig. 6B) that reacted with positive plasma samples (>1:20 in 
IFA titer) were clearly distinguishable from those that reacted 
with negative plasma samples (<1:20) by the naked eye. There 
was no nonspecific reaction with the negative plasma samples 
when purified E. canis was used as an antigen; however, a weak 
nonspecific reaction with IFA-negative plasma was observed in 
dots of 0.25 to 1 ixg of partially purified rP30 antigen. Based on 
these results, the optimum amounts of antigens per dot were 
determined to be 1 and 0.5 u>g for antigen proteins of purified 
E. canis and partially purified rP30, respectively. These results 
show that the partially purified recombinant protein is appar- 
ently sufficient as an antigen for serodiagnosis. 

(ii) Optimum dilution of antiserum. The immunoreactivities 
of plasma at dilutions of 1:300, 1:1,000, and 1:3,000 were ex- 
amined with nitrocellulose strips of the purified E. canis an- 




IFA titers 



purified E. canis (one of the blots is shown in Fig. 5A), but 
none of 13 negative plasma samples reacted with any pro- 
teins of partially purified rP30 and purified £. canis (data not 
shown). Eight of the 29 positive plasma samples reacted weakly 
with recombinant P28 fusion protein (rP28 [31 kDa]) of 
K chaffeensis (22) (one of the blots is shown in Fig. 5B), but the 
remaining plasma samples did not. A mouse anti~rP30 serum 
which was prepared by immunization with the affinity-purified 
antigen reacted with the rP30 antigen, a 30-kDa protein of 
purified E. canis y and an rP28 of E. chaffeensis (Fig. 5C). An- 
other smaller band which was observed with £. chaffeensis rP28 
may be a degradation product of rP28 (asterisk in Fig. 5C), 
since the plasma sample did not react with £. coli proteins. 
These results showed that rP30 of E. canis is highly antigenic 
and that the antigenic epitope is expressed. 

Dot immunoblot assay with the purified whole organism 
antigen and the recombinant antigen, (i) Optimum amount of 
antigen per dot. Western blot analysis and dot immunoblot 
assaying in the preliminary experiments supported the inter- 
pretation that there are no significant differences between af- 
finity-purified and the partially purified rP30 in specificity and 
sensitivity (data not shown). If partially purified recombinant 
protein is suitable for serodiagnosis, it will be more cost-effec- 
tive. By dot immunoblot assaying we examined in detail wheth- 
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FIG. 6. Optimum amount of antigens for dot blot assaying with purified 
£ canis antigen (A) or partiaUy purified rP30 antigen (B). Purified organism 
antigen (10 ng to 1 ng) or rP30 antigen (Z5 ng to I ng) was blotted onto the 
nitrocellulose sheet, reacted with each plasma at a 1:1,000 dilution as primary 
antibody, and reacted with secondary antibody (percoidase-conjugated affinity- 
purified anti-dog IgG antibody) at a 1:2,000 dilution. 
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Amount of Antigen (ug per dot) 

FIG. 7. Optimum plasma dUutions for dot blot assay. Purified £ canis anti- 
gen was blotted as described in the legend to Fig. 6. The antigens were incubated 
with plasma at dilutions of 1:300 (A), 1:1,000 (B), and 1:3,000 (Q. The plasma 
samples used were the same as those used for Fig. 6A. The color intensity of each 
dot was determined by using the image software program (ImageQuaNT). 



tigen as shown in Fig. 6A. The color intensity values were 
plotted in graphs (Fig. 7). At a 1:300 dilution (Fig. 7A), color 
development occurred in the dots having an antigen greater 
than 0.3 u.g per dot with IFA-negative plasma. At a 1:3,000 
dilution (Fig. 7Q, color intensities of all plasma samples were 
low, especially in the case of positive plasma samples with low 
IFA titers (1:20 and 1:80). At a 1:1,000 dilution (Fig. 7B), 
positive plasma with even the lowest IFA titer (1:20) was dis- 
tinguishable from IFA-negative plasma by the naked eye, es- 
pecially with 1 |xg of purified £. canis antigen per dot (Fig. 6A). 
The optimum dilution of plasma for testing was, therefore, 
1:1,000. 

(iii) Examination of clinical dog plasma with purified E. ca- 
nis and partially purified rP30 antigens. A total of 42 clinical 



dog plasma samples were examined with 1 p.g of purified £ ca- 
nis antigen per dot and 0.5 p.g of partially purified rP30 antigen 
per dot (Fig. 8). The plasma samples with higher IFA titers 
showed a darker reaction with both native and recombinant 
antigens. The color intensities between plasma with IFA titers 
of >1:20 and IFA-negative plasma were clearly distinguishable 
by the naked eye. The correlation between IFA titers and color 
intensity values by the dot immunoblot assay was examined 
(Fig. 9). The maximum color intensity values of 13 IFA-nega- 
tive plasma samples (<1:20) were zero (background) in the 
purified E. canis antigen and 10 in the rP30 antigen. All 29 
IFA-positive plasma samples (>1:20) showed color intensity 
values of greater than 19 in the purified E. canis and 18 in the 
rP30 antigen. The highest color intensity values were 105 in the 
purified organism and 114 in the rP30 antigen. In both native 
and recombinant antigens, color intensity values correlated 
with IFA titers. The correlation coefficients between IFA titers 
and color intensities of native and recombinant antigens were 
0.71 (P < 0.001) and 0.68 {P < 0.001), respectively. Therefore, 
it may be possible to estimate an approximate titer of the test 
serum or plasma by comparing the color densities with those of 
serially diluted standard serum or plasma. 

DISCUSSION 

The availability of recombinant immunodominant major 
surface proteins of £. canis will greatly assist in diagnosis and 
in understanding of the pathogenesis of this intracellular bac- 
terium, such as invasion of host cells, elicitation of the immune 
response, and mechanisms of the clinical disease. The 30-kDa 
protein of E. canis was shown to be the immunodominant 
major OMP, which can be recognized by naturally and ex- 
perimentally infected dog sera (14, 25, 26). Therefore, the 
30-kDa protein is the primary recombinant antigen candidate 
for use in the serodiagnosis of E. canis infection: The present 
study is the first report of molecular characterization of 30-kDa 
major OMPs of £ canis. 

Polymorphic multigene families encoding the major OMPs 
have been identified in E. chaffeensis, the HGE agent, and A. 
marginale, which are closely related to £. canis based on 16S 
rRNA gene sequences. Six copies of the E. chaffeensis p28 gene 
(omp-J gene family) are tandemly arranged with intergenic 
spaces (22), while copies of the HGE agent p44 gene and the 
A. marginale msp-2 and msp-3 genes are distributed widely 
throughout the genomes (1, 23, 34). In this study, the 30-kDa 
proteins of E. canis were also shown to be encoded by a poly- 
morphic multigene family. The two E. canis genes are tan- 
demly arranged with an intergenic space as are members of the 
£. chaffeensis omp-1 gene family. Although we demonstrated 
the presence of four gene copies of 30-kDa E. canis proteins in 
the genome, additional gene copies which are tandemly ar- 
ranged may exist in three genomic HinOlW DNA fragments 
which hybridized to p30 and p30a probes. Sequence analysis 
revealed that the 30-kDa proteins (P30, P30-1, and P30a) of 
£. canis had characteristics of the£. chaffeensis OMP-1 family 
(22) and C. ruminantium MAP-1 (31). The C. ruminantium 
MAP-1 has been reported to be cross- reactive to a 27-kDa 
protein of £. canis (19), although it is unknown whether the 
27-kDa protein is identical to P30, P30-1, or P30a of £. canis in 
this study. Phylogenetic analysis based on the homologs from 
the closely related rickettsiae revealed that P30 and P30-1 of 
£. canis are present in the same cluster but that P30a is far 
from the cluster, suggesting that the multigenes encoding the 
30-kDa £. canis proteins are widely divergent. Interestingly, 
in the phylogenetic tree, the 30-kDa £. canis proteins, the 
£. chaffeensis OMP-1 family, the HGE agent P44, and A. mar- 
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FIG. 8. Reaction profiles of purified E. canis antigen (I ^g) (A) and partially purified rP30 antigens (0.5 u.g) (B) with 42 plasma samples. Plasma identifications 
are indicated below each dot. Numbers above brackets indicate the IFA titers of the plasma samples. 



ginale MSP-2 are encoded by a polymorphic multigene family 
as described above. However, C ruminantium MAP-1, Wolba- 
chia sp. WSP, and A marginale MSP-4 are encoded by a single 
gene (2, 21-24, 31). The diversities reported among the C. 
ruminantium MAP- Is and among the Wolbachia sp. WSPs are 
strain variation (2, 24, 31). 

Molecular analysis of E. canis 30-kDa antigens such as ours 
is important in understanding the antibody responses of ani- 
mals, because the antigenic diversity may influence the speci- 
ficity and sensitivity of the serologic assay. Previously, we ob- 
served in the Western blot analysis that acute-phase serum 
(before 30 days postinoculation) from an E. amw-infected dog 
reacted strongly with a 30-kDa protein but weakly with a 31- 
kDa protein. However, the reactivity of the chronic-phase se- 
rum (after 60 days postinoculation) from the same dog was 
reversed (strong reaction with the 31-kDa protein and weak 
reaction with the 30-kDa protein) (14). This might be due to 
differential expression of the multigene encoding the 30-kDa 
protein of E. canis during infection. Although it is unknown 
whether the genes of P30, P30-1, and P30a were expressed by 
E. canis in tissue culture or in the infected dog, the recombi- 
nant P30 protein constructed in this study expressed the anti- 
genic epitope which can react with all IFA-positive dog plasma 
samples used, suggesting that the antigenic epitope conserved 
among the 30-kDa protein gene family is expressed. This strong- 
ly supports the idea that rP30 is useful as an antigen for sero- 
diagnosis of canine ehrlichiosis. 

For serodiagnosis of canine ehrlichiosis, IFA is widely used. 
However, a fluorescence microscope and trained personnel are 
required for this test. Furthermore, cell culture of E. canis may 
produce batch-to-batch variation. A consistent and simple as- 
say that can detect specific antibodies without expensive equip- 
ment would be an invaluable aid in serodiagnosis. In the dot 
immunoblot assay, antibody-positive serum can be distin- 



guished from antibody-negative serum by the naked eye, and if 
proper color standards are provided, anyone can easily make 
the final evaluation. The greatest obstacle for the development 
of this assay is the production of diagnostic antigens sufficient 
in purity and amount. If recombinant antigens are available, 
the antigen preparation would be simpler, more consistent, 
and economical than purified organism antigen preparation. 
Previously, a dot blot enzyme-linked immunoassay for detect- 
ing antibodies to E. canis has been reported (4). However, the 
crude antigens, freed from host cells by freezing-thawing, were 
used in that study. Neither recombinant antigens nor the pu- 
rified antigens (such as organisms purified by Sephacryl S-1000 
column chromatography) were used. Additionally, that report 
contains only one page of description without any data. There- 
fore, we think our dot immunoblot assay using the recombi- 
nant 30-kDa antigen of E. canis would greatly enhance sero- 
diagnosis of canine ehrlichiosis. 

Recognition of the lowest positive IFA titer (1:20) plasma by 
a dot immunoblot assay with 1 jxg or less of protein of the 
whole organism or the recombinant antigen per dot shows that 
this assay is as sensitive as IFA. Although the specificity of the 
test, except for cross-reactivity with E. chaffeensis, was not 
analyzed in this study, as with any other serologic test, dot 
immunoblot assaying probably cannot distinguish among anti- 
genically cross-reactive members of the tribe Ehrlichieae. How- 
ever, the use of recombinant E. canis antigen gave greater 
sensitivity than the use of recombinant E. chaffeensis antigen 
for serodiagnosis of canine ehrlichiosis. Western blot analysis 
revealed that 8 of 22 IFA-positive plasma samples slightly 
cross- reacted with recombinant 28-kDa protein of £. chaffeen- 
sis. This weak cross-reactivity is not a potential problem for 
clinics, since treatment is the same for all of the ehrlichial 
agents. 

In dot immunoblot assays of 29 IFA-positive plasma sam- 
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FIG. 9. Correlation between I FA titer (reciprocal dilutions) and color inten- 
sity of the dot immunoassay with purified E. canis antigen (A) and partially 
purified rP30 antigen (B). The color intensities of all dots in Fig. 8 were deter- 
mined and plotted. Each circle represents one plasma specimen (n = 42). The 
correlation coefficients were 0.71 (P < 0.001) for graph A and 0.68 (P < 0.001) 
for graph B. The dashed line in graph B represents the cutoff value, which was 
determined from the highest color intensity in the immunoreaction with 13 
negative plasma samples. 



pies, 5 had color intensities of the purified organism antigen 
greater or lesser than those of the recombinant antigens. Ad- 
ditional major immunodominant proteins of Ehrlichia spp. are 
heat shock proteins (HSPs) (29, 33). Consequently, when anti- 
HSP antibody or antibody against protein antigen other than 
P30 is present in the plasma, whole organism antigens would 
give an immunoreaction stronger than that of the recombinant 
protein. On the contrary, when anti-P30 antibody is dominant 
in the plasma, the reaction with the recombinant protein would 
be stronger than that with the whole organism antigen. More 



importantly, the recombinant antigen-dot blot assay could 
clearly detect all of the 29 IFA-positive plasma samples. Fur- 
thermore, between native and recombinant antigens, no signif- 
icant difference was observed in the correlation coefficient 
between 1FA titers and the blot color intensity. Therefore, the 
rP30 antigen-immunodot blot assay offers advantages over the 
other se rod ia gnostic tests in general availability, ease of han- 
dling, and accuracy in the serodiagnosis of K canis infection. 
Additionally, although it was not described in this paper, this 
K canis recombinant antigen can be applied to enzyme-linked 
immunosorbent plate assays or other serodiagnostic assays as 
well. 
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/db_xref = " taxon : 944 " 
CDS <1..615 

/codon_start=l 
/transl tableau 

/product= "hypothetical transcriptional regulator" 
/protein_id= " AAK28679.1 " 
/db_xref ="GI: 13512585" 

/translation=" PEYANEIKAHDPLIEDLIEKNIQQHKFTGEGIRLDVDDYASKNF 
KKEGAESTKELKSATKVRPHPVDECVGKEIKRQRIMRGMSQNQLANKLGITFQQVQKY 
EKGTNRIVISRLYQIASVLNVEVRDIMLKLQEDLKNISCDNPITPPHALRDNEEKFLP 
EFNDSKIDSKEVLMMVRAYTCIKNEKVRNIIYNLVKALSLDNKS " 

gene 843.. 1733 

/gene="p30-19" 

CDS 843. .1733 

/gene="p30-19" 
/note="P30 family member" 
/codon_start=l 
/transl_table=ll 

/product= "major outer membrane protein P30-19" 
/protein_id= " AAK28680. 1 " 
/db_xref ="GI : 13512586" 

/ translat ion= "MKLLYHLDNIMIKFSAIGIVFSFIALFAPNAFPSPVPIDFSNES 
EMAGFYASAQYNIGFPRFSPISAKYKTDEKSEKELTLFSLKEETETIDLKKAGDFKKG 
YSPVYNRNYTGFSGAIGYSGGGLRVELEGSFTRFDVDKQKYKNPDGHRYFALSKDSEI 
QNSSSGSSSNNKDYWMKNEGFNAISLMFNACYDMIIGNSSLVPNACIGIGQGIIRFL 
GGTN I HTL FKAKLGLGFL I S PKTI LFANG Y YVKAKDNAFTNLS VQ Y PVE I S AAPKH I D 
PIVYFNADNYGCEVGLRFIL " 

gene 2491.. 3318 

/gene="p30-18" 

CDS 2491. . 3318 

/gene="p30-18" 

/note="P3 0 family member" 

/codon_start=l 

/transl table= 11 

/product= "major outer membrane protein P30-18" 
/protein_id= " AAK28681 . 1 " 
/db_xref ="GI : 13512587" 

/translation " MNNKLSLLYIALILFTSHVSSALVLNDHNLVYFGIQYKPARHHL 
SNLLIKESKSDVVEVLALKYDAIGSPLDSTKEVNNFTIKYNPHYDNNRLGFSVIFGYY 
YNKNFRIESEISHEIFQLKNEGHKRVGFEKYFALKFAPPSSTQGYRHVTLINNGISTT 
SALINACYDVLIPAHNIITYSCLGFGIDIVDFLSKYTTKFSHQGKLGASYPISHRMSV 
FTEVYYHGLFGKKFEQLPLNYNANTSPPQQPPHVHTTASAILSIGYYGGSVGIKFIL" 
CDS 3425.. 3871 

/codon_start=l 

/transl_table=ll 

/product^" unknown function U2" 

/protein_id= " AAK28682 . 1 " 

/db_xref="GI : 13512588" 

/ 1 rans la t i on= " MNNKVLQNEVLLLLALPYSLHNS ID IE YNEQPIKKLSRLNKNTI 

KSQLKHLNYKYILLKLKKISSIGWFLKFSNDYSNSQVIYYLRTSLSKLVSTIALFDFK 

NIFLNYKVLTDSLRNFSANYYFSKHHNITNCFCVSRAYFYFLSCSY" 
gene 3882.. 4832 

/gene="p30-17" 
CDS 3882 . .4832 

/gene="p30-17" 

/note="P30 family member" 

/codon_start=l 

/transl table=ll 

/product= "major outer membrane protein P30-17" 
/protein id= " AAK28683 . 1 " 
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/db_xref="GI: 13512589" 

/translations " MNYAKVFILVCIIFLFPSLSFATNNNYFVHEIGKSIGHFYIGVQ 
YKPGTPHFNRFSIADDSTFNLLAISHTKDYLFSYSTEVRGLFSLPQEQQNLLHYATGG 
STTLNTLKDSNKFIPGYNPTYTDNLLGVGGIVGYSINNLRIELEAFYEKFNIKAPTGY 
NYDTEYFAIATWYKGKTKPVHYHCMKNTGIILSSFLVNTCYDFTLKIAKKIAPYLCL 
GVGGDFIDFLGQTRLKASYQAKAGLSYAISPNLTFFVDGSFHGYMNNQFPGLLVDYPT 
DISVSMPSGDNATAYSEFTTMLAKLNMIFLAGSIGIRFIS " 

gene 4848 . . 5699 

/gene="p30-16" 

CDS 4848.-5699 

/gene="p30-16" 
/note="P30 family member" 
/codon_start=l 
/transl table=ll 

/product^ "major outer membrane protein P30-16" 
/protein_id= " AAK28684 . 1 " 
/db_xref="GI: 13512590" 

/translat ion= "MYKLYYLSFIISLAQLLFSGFAFSIDKNNNIHGSYITIKYQPTI 
SNFKNFHIKETDFDTEDPIGFDIIAPNTNFDFLKHNYNFSVLYHKDSYKFYENDLSGL 
ALSIGLLVKNLRIEFEGSYKNFDTKRLAYYHSREGHKFFAIPRTSNFGVIPNEDNYTV 
AKNNGISIISNIINLCSETKFKNFTPYICLGIGGDFIEIFDVMRVKFTYQGKVGISYP 
ITPKLVLSISGQYHKVIGNKFKFLPLIQPVALKRTDNSPEDKDVTALLTLDLEHFSSE 
IGLSFIF" 

gene 5716. .6510 

/gene="p3 0-15" 

CDS 5716.. 6510 

/gene="p30-15" 
/note="P30 family member" 
/codon_start=l 
/transl table=ll 

/product = "major outer membrane protein P30-15" 
/protein id=" AAK28685 . 1 " 
/db_xref ="GI: 13512591" 

/ translat ion= "MYNIINYVIKYTIALAFLLLPRVSFSILIGNIEKSIKLLSVHIN 
SQYKPSISQISNYLIQENNSKEKKINILNLSNNTITYNMQLENSTTNFRFIIGYFFKR 
LRFAVEDSYEEFHIKDNDSLKANLSKYSYKMYNEDFQNFTIATDNKLSITSAIVNICY 
DILINNTTVLPHLCTAVGICSTGFFNDMRFKLLYQRKIGLGYLINSNVMLFFNVYYHK 
VMRNKLKNLLTQYSVDINAFLDAITVLANTDIGYFGSEVGVRFIFN" 

gene 6525. .7394 

/gene="p30-14" 

CDS 6525. .7394 

/gene="p30-14" 
/note="P30 family member" 
/codon_start=l 
/transl table=ll 

/product = "major outer membrane protein P3 0-14" 
/protein id=" AAK28686 . 1 " 
/db_xref="GI: 13512592" 

/ translat ion= "MLQRLNFINIILAFLLLLFPFQSFTLYIHDHEITQNVGLYISSQ 
YKPS I PYFKNFLIEENSHKTVELMGLANDVTHVTEYVLKDNTKFNTPYSAKFRNSLIN 
LSGAIGYYSGQGPRLEIEGSYENFDVASCKNCPVKNANRYIALVRDKKPGNIYPQDHS 
HSNMSYYTFIKNNGISILSVMINGCYDIAFSNVKISPYVCAGIGGDFITLFETMHIKF 
AYQGKFGIS YLVS PS IS I FANGH YH KVMDNVFKNLH VK Y I YKLQDAPT I TS ARAKLR I 
GYFGSEVGVRFVF" 

gene 7419. .8255 

/gene="p30-13" 

CDS 7419. .8255 

/gene="p3 0-13" 
/note="P30 family member" 
/codon_start=l 
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/transl table=ll 

/product = "major outer membrane protein P3 0-13" 
/protein_id= " AAK28687 . 1 " 
/db_xref ="GI : 13512593 " 

/ translation^ "MNNKKSLLIGTILLSLFSSLPIKAFSVINHSDISSNVNGLYFTG 
QYRPAVSHFSGFTVRETNIATQQLVSLNTNKNENHIIERTNFSGIYTAKFQDNAASFS 
GAIGYSYPEGLKFEIEISYEKFGVKSTKNYQSTNAVIFALARQTTSSNPSDNKYWMK 
NSGLSVASVMINGCYNMSFYNLWS PYICAGIGEDFIEFFDTLYIKLAYQGKLGVNYS 
LSSRFNIFADMYYHKVIGNQFKNLNVIHAVALDTFPKVTSAIATLNVAYFGGEVGIRF 
IL" 

CDS 8266. .8823 

/codon_start=l 

/ 1 rans 1 t able= 1 1 

/product =" unknown function U3" 

/protein_id= " AAK28688.1 " 

/db_xref = "GI: 13512594" 

/trans la tion= "MATYMIHKAKIIEPMFSPSILTDYIILSILNNVQDHNSFIICIT 

KLYKLILSSITKKLINVKDNIAVLHNINLYTLYNKCSKFKSTQSFYEMYFYTKNIKDR 

ILNFNSLYFIKYNVTQKNSNESYYKSTYKSHNFFNATYTTSFIHQHKLYTKYSITNQH 

NKSTKSFSNKILAKNILNNQENSYE" 
gene 8816 . . 9685 

/gene="p30-12" 
CDS 8816. .9685 

/gene="p30-12" 

/note="P3 0 family member" 

/ codon_start=l 

/ transl table=ll 

/product = "major outer membrane protein P30-12" 
/protein_id= " AAK28689 . 1 " 
/db_xref="GI: 13512595" 

/ translation^ "MNSKKTFSILGSILICLAACLPIQSFSESSNVTYNTKHTGLYIS 
GLYKPSVSHFSDFSIKETYTNTEALFGLKQDISSILRNKETTQYNNNFNVPYTAKFQD 
DFASFSIAVGYIANNGPRIEIEGSYEEFDVKNPGNYTTIDAHRYIALAREKTSYYLSS 
PKENKYVIIKNNGISIVSIIINGCYDISLNDSKVSPYICTGFGGDFIEFFSAIRFKFA 
YQGKIGISYSLSSNIILFTDGYYHKVINSQFKNLNVEHWNELTTDPKVTSATAFLNI 
E YFGGEFGLKFI F " 

gene 9694 . . 10533 

/gene="p30-ll" 

CDS 9694.. 10533 

/gene="p30-ll" 
/note="P30 family member" 
/codon_start=l 
/transl table= 11 

/product= "major outer membrane protein P3 0-11" 
/protein id= " AAK28690 . 1 " 
/db_xref="GI: 13512596" 

/ trans lation= "MNKKKIITVGTTLAYLLLSPNISFSEVINNDTDKYSRLYISGQY 
KPGFSYFNKFSVRETDHFTKALIGLRHDAISTKNLTTNTDFNTLYKVTFQNNIISFSG 
AIGYSDSTGWFELEGSYEEFDVTDPGDCIIKDTYRYFALARKTSGNHPNDNGEYTVN 
RNDGVSITSVIFNGCYDLSLKELEISPYVCIGIGGDFIEFFDALHIKLAYQGKLGISY 
SFSTRTNLFIDCYYHRVIGNQFNNLNVQHWELTEAPKATSAIATLNVSYFGGEVGIR 
LMF" 

gene 10543. .11388 

/gene="p3 0-9" 
CDS 10543.. 11388 

/gene="p30-9" 

/note="P30 family member" 

/ codon_s tar t = 1 

/transl table=ll 

/product = "major outer membrane protein P30-9" 
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/protein_id= " AAK28691 . 1 " 
/db_xref="GI: 13512597" 

/translation=" MNNKRNFFLIGMSLLINLLLPIDASSMEVHNYTHFKPRLYISGQ 
YR PGVS H FS KFS VKETHCNTVQL VGLTKD I KVTNNS S INTNTS FNF P YVAE FQDNAMS 
FSGAIGCFYSENFRIEVEASYEEFDVKNPEGSTTDSYRYFALARGMDGNNIPTSQKFT 
VMRNDGLLI S S VM INGC YNVI LND IQAE P YI CAGLGGD F I E FFNG FHVKLAYQGKVG I 
SYQIFPEVRLFIDGYYHKVKGNKFKNLHVQHVGALAALPKVTSAVATLNIGYFGCEAG 
VRFIF" 

gene 11411. .12310 

/gene="p30-8" 
CDS 11411. .12310 

/gene="p30-8" 

/note="P3 0 family member" 

/codon_start=l 

/transl table=ll 

/product = "major outer membrane protein P30-8" 
/protein id=" AAK28692 . 1 " 
/db_xref = "GI : 13512598 " 

/ translation= "MNSKSKFFTICTSLICLLSSPNTSLSNFIGNSTKHSGLYVSGQY 
KPSVSIFSKFSVKETNTHTVQLVALKKDVNSISMNISNGATGISKATNFNLPYVAEFQ 
DNAFNFSGAIGYSLFEQLNIEVEGSYEEFDAKNPGGYILNDAFRYFALAREMGQEKND 
NKHLSPKEEHDISKTYYTVMRNNGLS ILS IMINGCYNLPLNDLS IS PYFCTGIGVDAI 
EFFDALHLKLALQSKIGATYQLSDNISLFTNGYYHQVIGDQFKNLKVQYIGELKENPK 
ITS AVATLNVGYFGGE IGVRLTL " 

gene 12322.. 13212 

/gene="p30-7" 

CDS 12322.. 13212 

/gene="p30-7" 
/note="P3 0 family member" 
/codon_start=l 
/transl table=ll 

/product =" major outer membrane protein P30-7" 
/protein id=" AAK28693 . 1 " 
/db_xref="GI: 13 512599" 

/translation= " MGNSMNNKSQFLIRFIFLTCMLSLPNISLSKVNNEKHSGLYISG 
QYKPSVSVFSNFSVKETNFHTKHLIALKQDVDSVEIDTGSNTAGISNPSNFTIPYTAE 
FQDNHTNCNGSIGYAFAEGPRIEIELSYEKFDVKNPTGYTTVKDAYRYFALAREINIS 
LFQPKQKEGSGIYHWMKNDGLSILSNIVNICYDFSLNNLPISPYLCGGMGINAIEFF 
DALH VKFAYQS KAG I S YQLLRKINLF I D VYYYQVI SNKFKNLKVQH VHELKDNPKVTS 
AVATLDIAYFGSEAGIRIIF" 

gene 13225. . 14109 

/gene="p30-6" 

CDS 13225. . 14109 

/gene="p30-6" 
/note="P30 family member" 
/codon_start=l 
/transl table-ll 

/product = "major outer membrane protein P30-6" 
/protein_id= " AAK28694 . 1 " 
/db_xref ="GI: 13512600" 

/ 1 r ans 1 a t i on= " MANFMYKKYKLMTAG WLFHMLFL PHVS FAKNTNSNKLGL YI SG 
QYNPSVSVFSNFSAKETNVHTVQLMALKKDIDSIEVDTGNSAGISKPQNFTVLYTPKF 
QDNVAGLSGALGFFYSKGLRIEMGFSYEKFDAKDLGEYTKIKDAYRYFAXiVREMHVSL 
IYPKDNNTGTHYTVMRNDGISISSATVNGCYDFFFPSLSLSPYMCIGIGIDAIEFLNA 
LHIKFACQGKLGVTYSVS PNWLFADGYYHKVMGNKFKNLPVQYVNTLEEYPRVTSAI 
ATLDIGYLGGEIGIRFIF" 

gene 14133 . . 15014 

/gene="p30-5" 

CDS 14133.. 15014 

/gene="p30-5" 
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/note="P3 0 family member" 

/codon_start=l 

/transl table=ll 

/product= "major outer membrane protein P30-5" 
/protein id=" AAK28695 . 1 " 
/db_xref ="GI: 13512601" 

/translation " MNNKLKFTI INTVLVCLLSLPNI SS S KAINNNAKKYYGLYI SGQ 
YKPSVSVFSNFSVKETNVITKNLIALKKDVDSIETKTDASVGISNPSNFTIPYTAVFQ 
DNSVNFNGTIGYTFAEGTRVEIEGSYEEFDVKNPGGYTLSDAYRYFALAREMKGNSFT 
PKEKVSNS I FHTVMRNDGLS 1 1 SVIVNVCYDFSLNNLS I S PYICGGAGVDAIEFFDVL 
HIKFAYQSKLGIAYSLPSNISLFASLYYHKVMGNQFKNLNVQHVAELASIPKITSAVA 
TLNIGYFGGEIGARLTF" 

gene 15562 . . 16404 

/gene="p30-10" 

CDS 15562. .16404 

/gene="p3 0-10" 
/note="P30 family member" 
/codon_start=l 
/transl table=ll 

/product^ "major outer membrane protein P30-10" 
/protein_id= " AAK28696 . 1 " 
/db__xref = "GI: 13512602" 

/translation " MNYKKILVRSALISLMSILPYQSFADPVGSRTNDNKEGFYISAK 
YNPSISHFRKFSAEETPINGTNSLTKKVFGLKKDGDITKKDDFTRVAPGIDFQNNLIS 
GFSGSIGYSMDGPRIELEAAYQQFNPKNTDNNDTDNGEYYKHFALSRKDAMEDQQYW 
LKNDGITFMSLMVNTCYDITAEGVSFVPYACAGIGADLITIFKDLNLKFAYQGKIGIS 
YPITPEVSAFIGGYYHGVIGNKFEKIPVITPWLNDAPQTTSASVTLDVGYFGGEIGM 
RFTF" 

gene 16732 . . 17562 

/gene="p30-4 " 
CDS 16732 . . 17562 

/gene="p30-4" 

/note=" P30 family member" 

/codon_start=l 

/ 1 r ans 1_ t ab le=ll 

/product= "major outer membrane protein P30-4" 
/protein_id= " AAK28697 . 1 " 
/db_xref="GI: 13512603" 

/ translation " MNCKKILITTTLVSLTILLPGISFSKPIHENNTTGNFYIIGKYV 

PSISHFGNFSAKEEKNTTTGIFGLKESWTGGIILDKEHAAFNIPNYSFKYENNPFLGF 

AGVIGYSIGSPRIEFEVSYETFDVQNPGDKFNNDAHKYCALSNDSSKTMKSGKFVFLK 

NEGLSDISLMLNVCYDIINKRMPFSPYICAGIGTDLIFMFDAINHKAAYQGKLGFNYP 

ISPEANISMGVHFHKVTNNEFRVPVLLTAGGLAPDNLFAIVKLSICHFGLEFGYRVSF 
ti 

gene 17773 . . 18636 

/gene="p30a" 
CDS 17773.. 18636 

/gene="p3 0a" 

/note="P30 family member" 

/codon_start=l 

/transl table=ll 

/product= "major outer membrane protein P3 0a" 
/protein_id= " AAC68665.2 " 
/db_xref ="GI : 13512610" 

/ translation^ "MKYKKTFTVTALVLLTSFTHFIPFYSPARASTIHNFYISGKYMP 
TASHFGIFSAKEEQSFTKVLVGLDQRLSHNIINN^TAKSLKVQOTSFKYKNNPFLGF 
AGAIGYSIGNSRIELEVSHEIFDTKNPGNNYLNDSHKYCALSHGSHICSDGNSGDWYT 
AKTDKFVLLKNEGLLDVSFMLNACYDITTEKMPFSPYICAGIGTDLISMFETTQNKIS 
YQGKLGLNYTINSRVSVFAGGHFHKVIGNEFKGIPTLLPDGSNIKVQQSATVTLDVCH 
FGLEIGSRFFF" 
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qene 18933.. 19784 

/gene="p30-3" 
CDS 18933.. 19784 

/gene="p30-3" 

/note=" P3 0 family member" 

/codon_start=l 

/transl table=ll 

/product= "major outer membrane protein P30-3" 
/protein_id= " AAK286 98.1 " 
/db_xref ="GI : 13512604" 

/translation="MNCKKVFTISALISSIYFLPNVSYSNPVYGNSMYGNFYISGKYM 
PSVPHFGIFSAEEEKKKTTWYGLKENWAGDAISSQSPDDNFTIRNYSFKYASNKFLG 
FAVAIGYSIGSPRIEVEMSYEAFDVKNPGDNYKNGAYRYCALSHQDDADDDMTSATDK 
FVYLINEGLLNISFMTNICYETASKNIPLSPYICAGIGTDLIHMFETTHPKISYQGKL 
GLAYFVSAESSVSFGIYFHKIINNKFKNVPAMVPINSDEIVGPQFATVTLNVCYFGLE 
LGCRFNF " 

gene 20127.. 20969 

/gene="p3 0-2" 

CDS 20127.. 20969 

/gene="p30-2" 
/note="P3 0 family member" 
/codon_start=l 
/transl table=ll 

/product = "major outer membrane protein P30-2" 
/protein_id= " AAK28699. 1 " 
/db_xref="GI: 13512605" 

/ trans la tion= "MNCKKILITTALMSLMYYAPSISFSDTIQDDNTGSFYISGKYVP 
SVSHFGVFSAKEERNSTVGVFGLKHDWNGGTISNSSPENIFTVQNYSFKYENNPFLGF 
AGAIGYSMGGPRIELEVLYETFDVKNQNNNYKNGAHRYCALSHHSSATNMSSASNKFV 
FLKNEGLIDLSFMINACYDIIIEGMPFSPYICAGVGTDWSMFEAINPKISYQGKLGL 
GYSISSEASVFIGGHFHRVIGNEFRDIPAMVPSGSNLPENQFAIVTLNVCHFGLELGG 
RFNF" 

gene 21223.. 22146 

/gene="p3 0-l" 
CDS 21223.. 22146 

/gene="p30-l" 

/note="P30 family member" 

/codon_start=l 

/transl table=ll 

/product = "major outer membrane protein P30-1" 
/protein id= " AAC68666 . 1 " 
/db_xref="GI: 3790560" 

/translation "MFYTNIYILACIYFALPLLLIYFHYFRCNMNCKKILITTALISL 
MYSIPSISFSDTIQDGNMGGNFYISGKYVPSVSHFGSFSAKEESKSTVGVFGLKHDWD 
GS PI LKNKHADFTVPNYS FR YENN P FLG FAG A I G YS MGG PRIEFEI S YEAFDVKS PNI 
NYQNDAHRYCALSHHTSAAMEADKFVFLKNEGLIDISLAINACYDIINDKVPVSPYIC 
AGIGTDLISMFEATSPKISYQGKLGISYSINPETSVFIGGHFHRIIGNEFRDIPAIVP 
SNSTTI SGPQFATVTLNVCHFGLELGGRFNF " 

gene 22499. .23365 

/gene="p3 0" 

CDS 22499.. 23365 

/gene= M p3 0" 

/note="P3 0 family member" 

/codon_start=l 

/transl_table=ll 

/product = "major outer membrane protein P3 0" 
/protein_id= " AAC68667.1 " 
/db_xref="GI: 3790561" 

/ translation "MNCKRFFIASALISLMSFLPSVSFSESIHEDNINGNFYISAKYM 
PSASHFGVFSVKEEKNTTTGVFGLKQDWDGATIKDASSSHTIDPSTIFSISNYSFKYE 
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NNPFLG FAGAIG YSMGGPR VE FE VS YE I FD VKNQGNS YKNDAHKYCALS RHTGGM PQA 

GHQNKFVFLKNEGLLDISLMINACYDITIDSMPFSPYICAGIGSDLVSMFETTNPKIS 

YQGKLG VS YS I S PEAS VFVGGH FHRVIGNE FKD I PAI T PAG ATE I KGTQFTTVTLNI C 

HFGLELGGRFTF" 
gene complement (23992 . . 24819) 

/gene="p30-20" 
CDS complement (23992. .24819) 

/gene="p30-20" 

/note="P3 0 family member" 

/codon_start=l 

/transl tabie=ll 

/product= "major outer membrane protein P30-20" 
/protein id=" AAK287Q0 . 1 " 
/db_xref="GI: 13512606" 

/trans 1 a t ion= » MVIKMNYKRFWGVTLSTFVFFLSDGAFSDANFSEGRRGLYIGS 
QYKVGI PNFSNFS AEETI PG ITKKI FALGLDKSE INTHSNFTRS YDPTYASS FAGFSG 
IIGYYVNDFRVEFEGSYENFEPERQWYPENSQSYKFFALSRNATNSDNKFIVLENNGV 
ADKSLNVNVCYDIASGSIPLAPYMCAGVGADYIKFLGISLPKFSYQVKFGVNYPLNVN 
TMLFGGGYYHKWGDRYERVEIAYHPTALSDVPRTTSASATLNTDYFGWEIGFRFAL " 
CDS 26316.. 26678 

/codon_start=l 

/transl table= 11 

/product = "unknown function U4 " 

/protein_id= " AAK28701 . 1 " 

/db_xref = "GI : 13512607 " 

/translation "MDMINIFDNTEDDAFSVSNFINQNFISQFTITILPPSVPLYHDQ 
HIDEGMYSWFSYKKYEAQQPYGLVEHKSGKFEASLDHSDHRLYLNKDDISIVLNEDM 
LNLCLSCTKVIDNKDSAQ " 
CDS 27050.. 27598 

/codon_start=l 

/transl table=ll 

/product= "unknown function U5" 

/protein_id= " AAK28702 . 1 " 

/db_xref="GI: 13512608" 

/translation "MDIFSNELNATVHVNGTTYEGKVIIDNNGNFDTNLSLADGVDTL 

GHLCGNISQNNETKENSYILEYIFEQRIVYPTLPILHSFNGQIVSSAEEALPHQIAFD 

NS NDN IKIILSDSEI VQP VTNAKE S Q AE VS KP VTD VKENQDG APQ P AANT PQE KQE S V 

PT P ADG VNND PTKEGAS Q PN KT " 
gene 27937.. 28254 

/gene="secA" 
CDS 27937 . . >28254 

/gene="secA" 

/codon_start=l 

/transl table= 11 

/product="preprotein translocase SecA subunit" 
/protein_id= " AAK287 03 . 1 " 
/db_xref="GI: 13512609" 

/ translations "MLSIAHKIFGSANSRIIKSFYKWQHINAIEHEFQLLSNEALKN 
KTIEFKEELKNGKTLDDILVPAFAWREASKRVLNMRHFDVQLIGGMVLHKGMISEMK 
TGEG" 

ORIGIN 

1 ccagaatatg caaatgaaat aaaagcacat gaccctttaa tcgaagattt gatagaaaaa 
61 aacatacaac aacataaatt tacaggtgaa ggaataagac ttgatgtaga tgactatgct 
121 tctaaaaatt ttaagaaaga aggtgctgaa tctacaaaag agttaaaaag cgcaacaaag 
181 gttagaccac atccagttga cgagtgtgtt ggaaaagaga taaaaagaca acgcattatg 
241 agaggtatga gccaaaatca gcttgcaaat aaattaggaa tcacattcca acaagtacaa 
301 aaatatgaga aaggaacaaa tcgcatagta attagcagac tataccagct tgcaagtgta 
361 ctcaatgttg aagtaagaga tatcatgtta aaattacaag aagatctaaa aaatatctca 
421 tgtgacaatc ctatcacacc tccacatgca ctcagagaca acgaagaaaa gttcttaccg 
481 gaatttaacg atagcaagat agatagcaaa gaagttttaa tgatggttag agcatacact 
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541 tgtataaaaa atgaaaaagt acgcaacata 
601 gacaataaat cataaattaa taagttacag 
661 taataattta gtaggtttat tatggttata 
721 ttgattatga tatgctaata gtctttacaa 
781 gttacgtaat acacttaggt ttataaagta 
841 atatgaagtt attatatcat ttggataata 
901 ttttttcctt tatagcatta tttgcaccta 
961 tttcaaatga aagtgagatg gctggttttt 
1021 ctagatttag tccaatctct gcaaagtaca 
1081 ctttatttag cctaaaagaa gaaactgaaa 
1141 aaaaaggcta cagtcctgta tacaatagaa 
1201 actcaggcgg cgggctcaga gttgaattag 
1261 aacaaaaata taaaaaccct gatggacatc 
1321 ttcaaaatag tagcagtggt agcagcagta 
1381 aagggtttaa tgctatttct ttaatgttta 
1441 cttctttagt accaaacgct tgcattggta 
1501 gtacaaatat tcatactcta tttaaagcta 
1561 aaactatcct atttgcaaat ggatattatg 
1621 tatcagttca atatccagtt gaaatttctg 
1681 atttcaatgc agacaattat ggttgcgaag 
1741 aaagtatgca ccttagtagg gttaagaatt 
1801 ttattagtag tatgtgatac aaaacattat 
1861 gaaacaacct aaatacttaa gtaaagttgg 
1921 agcgtattgt ttttactaaa aaacaacaag 
1981 acacaaaata ttttaatgat aaatgtttta 
2041 tttaataaat gtttttataa tccaaaaata 
2101 atttctacta actcagataa tgaaaattat 
2161 gcatttacct gattaaaaat aaacgagtaa 
2221 atattttgta caagaatcac atataccaac 
2281 tattatttga ctgtatttaa caactttttt 
2341 ttgtgaatca ttatatgcta cactttcaat 
2401 aattagtttt gttgacttaa ttaattttta 
2461 ttacttgaaa attattaagg tttagattgc 
2521 gcattaatat tatttacatc acatgtttct 
2581 gtatattttg gtattcaata taaaccagct 
2641 gaaagtaagt cagatgttgt agaagtgctt 
2701 ttggacagca ctaaagaggt aaataatttt 
2761 aataggttag ggttctctgt aatatttggc 
2821 tcagaaattt cccacgaaat tttccagcta 
2881 gagaaatatt ttgcactaaa gtttgctcca 
2941 actttaataa acaatggtat ttcaaccact 
3001 ctcatacctg cacataatat aataacatat 
3061 gattttctaa gtaaatacac tacaaagttt 
3121 cctatttctc atagaatgtc agtctttaca 
3181 aaatttgagc agcttccttt aaactataat 
3241 cacgtacata cgactgcatc agctatatta 
3301 ataaagttta tattgtaaaa atattttttg 
3361 aagtataaaa taatatttta gtgtgtttat 
3421 tgctatgaat aacaaagtat tacaaaatga 
3481 tttacacaat tctattgata tagaatataa 
3541 aaataaaaat actattaaga gtcagttaaa 
3601 attaaaaaaa atttctagta ttggttggtt 
3661 tcaggtaata tattacttac gtacaagtct 
3721 tgatttcaaa aatatttttc ttaattataa 
3781 tgctaactat tacttcagta agcatcacaa 
3841 atatttttac tttctaagtt gcagttatta 
3901 ttatattagt atgtattata tttctttttc 
3961 attttgtgca cgaaattgga aaaagtatag 
4021 caggcacacc acactttaat agattttcaa 
4081 ctatttcaca cactaaagac tatttgtttt 



atttataatt tagttaaggc actatcttta 
tttattattt aggtcatatt ataaaaatta 
caacatattt attaatttat catgtacgtg 
aaatgttagc acaagagtta aattatgcgt 
ttatttttga cttaaagcat ggttttatta 
ttatgattaa attctcagct ataggaattg 
atgcttttcc atcaccagtt cctattgact 
acgcaagtgc gcaatacaat ataggttttc 
aaaccgatga aaagtcagaa aaagaattaa 
caatagatct aaaaaaagca ggagatttta 
actacacagg attctccgga gctattggat 
aaggatcatt tacaagattc gatgttgaca 
ggtactttgc attaagcaaa gactcagaga 
ataataagga ttatgtagtg atgaaaaacg 
acgcttgtta tgacatgata attggtaatt 
tagggcaagg aataattagg tttttaggcg 
agttagggtt aggattttta atttcaccaa 
tgaaagctaa ggataatgct tttactaatt 
cagcaccaaa acatatagat cctattgttt 
ttggtttaag atttatcttg taacttttac 
acttaaattg aaagtcaatt gctgtgttag 
gtttttaata aattatatag taaaattata 
attgaatatt ttctaagtta agtaattctt 
ttatattatt tagttaacaa ttatcattat 
cataaattaa gttgttaaaa ttcaactgtt 
aaaaatctgc tcttttacaa taacacaatt 
aaacatatta cttaaaaatc aaagcttttt 
aaaagctatt tattaaaata aaatcacatt 
cactcaagat atattctaat aaacatcatc 
taaacactcc ttttataaga taagcaacta 
aacatttaaa atatgttgta aaaatataat 
gtatatttac ttatagttgt aaacgtgtag 
atgaataata aactttccct tctttatatt 
tcagcattgg ttttaaacga tcacaatctt 
aggcatcatc tatcaaatct tcttatcaaa 
gcactgaaat atgatgcaat aggtagccca 
accataaaat acaatccaca ttatgataat 
tattactaca ataaaaattt taggatagaa 
aaaaatgaag gacataaaag agttggattc 
ccgtcatcta cgcaagggta tagacatgtt 
tcagctttaa ttaatgcttg ctatgatgta 
tcatgtttag ggtttggaat agatatagta 
tcacatcaag gcaagctagg agctagctac 
gaggtttatt accatggttt attcggtaaa 
gctaatacat caccaccaca acaaccacca 
agtattgggt attatggtgg aagtgttgga 
acaaatttat atttgtcttt atatgtatat 
tacttattaa gtaaatatgt aaaaaggtta 
agttctactg cttttagcat tgccatattc 
cgagcaacct ataaaaaaat tatctaggtt 
acatttaaat tacaagtaca tcttgttgaa 
tttaaagttt tcaaacgact attctaatag 
ttcaaaattg gtttccacaa ttgctttatt 
ggtattgaca gatagtttaa gaaatttttc 
tattaccaat tgtttttgtg tgagtagggc 
aggtttaagt tatgaattat gcaaaggttt 
cttcattgtc ctttgcaact aataataact 
gtcacttcta tataggcgta caatataagc 
ttgctgatga tagcacattc aatctacttg 
cctattcaac agaagttcga ggtttatttt 
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4141 ccttaccgca agagcaacaa aatcttttac actatgcaac aggaggatca acaactttaa 

4201 atacattaaa ggatagtaat aagttcattc caggttataa tcccacatat acagacaact 

4261 tacttggagt aggtggtatt gtaggatact caataaataa ccttaggata gaacttgaag 

4321 ctttttatga gaaattcaac atcaaagctc ctactggtta taattatgat actgagtact 

4381 ttgctatagc aactgtagtt tataaaggta aaacaaaacc tgtacactat cattgtatga 

4441 aaaatactgg cattatttta tcatcttttt tagttaatac gtgctatgat tttactttaa 

4501 aaatagcaaa aaaaatagcc ccctacttat gtctcggagt tgggggagat tttattgatt 

4561 tcttaggtca aacaaggcta aaggcctctt atcaagctaa agctggtcta agttatgcta 

4621 tatctccaaa tttaacgttt tttgtagatg gatcctttca tggatatatg aataatcaat 

4681 ttcccggttt gctagtggat tatcctacag acataagtgt atctatgcct tctggtgata 

4741 atgcaactgc ttattcagaa tttactacca tgttagcaaa actgaatatg attttccttg 

4801 ctggtagtat tggcattaga tttatttcat aatagtgagt ggtatttatg tataagttat 

4861 attatttaag ttttataata tcattagctc agttattatt ttctgggttt gcattttcaa 

4 921 tagataaaaa caataatata catgggtctt atatcacaat aaaatatcaa cctactattt 

4 981 caaattttaa gaatttccat attaaagaaa cagattttga tacagaagat cctattggat 

5041 ttgatataat agcaccaaac actaattttg attttttaaa acataattac aatttttctg 

5101 tattatatca caaagattct tataagtttt atgagaatga tttatcaggg ttggctttat 

5161 ccattggatt gttagtaaaa aatctaagaa tagagttcga aggttcttat aaaaactttg 

5221 atacaaaacg tcttgcatat taccactcta gagaaggaca caagttcttt gctataccac 

5281 gtacatccaa tttcggtgtt atcccaaatg aagataatta tactgtagca aaaaataacg 

5341 gtatatctat tatatctaat ataataaatt tatgtagcga aacaaaattt aaaaatttca 

5401 caccatatat atgcttaggt attggcggag attttataga aatctttgat gtcatgagag 

5461 taaaatttac ttatcaagga aaagttggta taagttaccc tatcactcca aagttagtct 

5521 tgtctattag tgggcaatat cacaaggtta taggaaacaa atttaaattc ttaccactta 

5581 ttcaacctgt tgcattaaaa agaacagata atagtccaga ggacaaagat gttactgcgc 

5641 tattaactct agatttagaa cattttagta gtgaaattgg tttaagtttt atattttaga 

5701 agttaaaggg actatatgta taacataata aattatgtaa taaaatacac aatagcatta 

5761 gcctttttac tgttacctag agtatcattt tcaatactaa taggtaatat agaaaaaagt 

5821 ataaaactct taagtgtaca tatcaacagt caatataaac caagcatttc tcagatcagt 

5881 aactatttaa tacaagaaaa taattctaag gagaaaaaaa ttaatatctt aaacttaagt 

5941 aataatacta ttacttacaa tatgcaactt gaaaatagta ctactaattt cagattcatc 

6001 attggttatt ttttcaaaag attaaggttt gcagtagaag attcttatga agaatttcat 

6061 ataaaagaca atgattcatt aaaggcaaat ctaagtaaat attcttacaa aatgtataat 

6121 gaagattttc aaaacttcac tattgcaaca gataataaat tatctattac atctgctata 

6181 gttaacattt gttatgatat tttgattaac aatactacag tattaccaca tctatgtaca 

6241 gcagttggta tatgttctac aggattcttc aatgacatgc gttttaaact tttataccaa 

6301 agaaaaatag gattaggtta tctaataaat agtaatgtta tgctattttt caatgtgtac 

6361 taccataaag ttatgaggaa taaacttaaa aatttactca cacaatattc agttgatatc 

6421 aatgcttttc tagacgctat aactgtcctt gccaatactg atatcggtta ttttggaagt 

6481 gaagttggag taaggttcat atttaactaa ataaggttat atctatgtta caaaggctta 

6541 attttataaa tataatatta gcatttctgt tacttctttt tccatttcaa tcattcacat 

6601 tatatataca tgatcatgaa attacacaaa atgttggttt gtatataagc agccaatata 

6661 aaccaagtat accttatttt aaaaacttcc taatagaaga aaatagtcac aaaactgtag 

6721 aattaatggg ccttgcaaat gatgttacac atgttacaga atatgtactt aaagataata 

6781 caaaattcaa taccccttat agtgcaaaat ttagaaatag tttaataaat cttagtggag 

6841 caataggtta ctattcaggt caagggccaa gattagaaat agaaggttcc tatgaaaact 

6901 ttgacgttgc aagctgtaag aattgcccag taaaaaacgc taataggtac attgctttag 

6961 tacgtgacaa gaaacctgga aacatttatc cacaagatca tagtcacagt aacatgtcat 

7021 actatacttt tataaaaaat aatggaatat ctatcttatc agttatgatt aatggttgtt 

7081 atgatattgc ttttagtaat gtaaaaatat caccctatgt atgtgcaggt attggaggag 

7141 attttataac actttttgaa acaatgcata ttaagtttgc ctatcaaggt aaatttggta 

7201 ttagctatct tgtatctcct tctatcagta tttttgctaa tggccattat cataaggtta 

7261 tggataatgt atttaagaat ttacatgtca agtatatata caaacttcaa gatgcaccta 

7321 ctattacttc tgcaagagct aaactcagaa ttggttattt tggaagtgaa gttggtgtaa 

7381 ggtttgtgtt ttaaaaacaa ttaaaaaaag gaatttttat gaataacaaa aaatctctcc 

7441 taataggaac aattctatta tcattgtttt catctttacc tattaaagct ttttcagtta 

7501 taaatcatag tgatataagt agtaatgtta acggtttgta ttttacaggg caatatagac 

7561 cagctgtttc tcattttagt ggctttacag taagagaaac taacatcgct actcaacaat 

7621 tagtaagttt aaacacaaat aaaaatgaga atcatattat agaaagaact aatttttcag 

7681 gtatttatac tgctaaattt caggataatg ctgcaagttt cagtggagct attgggtatt 
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7741 cttatcctga aggtttaaaa tttgaaattg aaatttctta tgaaaaattt ggtgttaaaa 

7801 gcactaaaaa ctatcaatca acaaatgctg ttatctttgc tttagcacgt caaacaacaa 

7861 gtagtaatcc atctgataat aaatatgtgg ttatgaaaaa tagtggatta tctgttgcat 

7921 cagttatgat taatggttgc tacaatatgt ctttttataa tttagtagtg tcaccttata 

7981 tatgcgcagg tattggcgag gattttattg aattctttga tactttatat atcaaacttg 

8041 cgtatcaagg taagttaggt gttaactatt cactatcttc taggtttaac atatttgctg 

8101 atatgtatta tcacaaggtc ataggtaatc aattcaaaaa tttaaatgtt attcatgctg 

8161 ttgctcttga taccttccct aaagtaacct ctgcaatagc aacacttaat gttgcctact 

8221 ttggtggtga agttggaata aggtttatac tctaaggtaa catatatggc aacctacatg 

8281 atacacaaag caaaaattat agaaccaatg ttttcaccat ccattctcac tgattacatt 

8341 atcttatcaa ttttaaataa tgttcaagat cataacagtt ttatcatatg cattaccaag 

8401 ttatataagc ttattttgag tagtatcaca aaaaaactaa taaatgttaa agataatatt 

8461 gcagttcttc acaatattaa tttgtatacc ttatacaata agtgctcaaa atttaaaagc 

8521 acacagagtt tttatgaaat gtacttttat accaaaaaca tcaaagatag gatattaaac 

8581 tttaatagtt tgtactttat aaaatataat gtaacacaaa aaaactctaa tgaatcatac 

8641 tataaatcca cttataaaag tcataacttt ttcaatgcta catatacaac aagtttcatc 

8701 catcaacata agttatatac taagtattcc atcacaaatc agcataacaa aagtaccaag 

8761 agtttcagca ataaaattct ggcaaaaaat atattaaata atcaggaaaa ttcttatgaa 

8821 tagtaaaaaa acattttcta tattaggatc aatattaata tgtttagcag catgcttacc 

8881 tattcaatct ttttcagagt caagtaatgt tacatataat actaaacata ctggattata 

8941 tattagcgga ctatacaaac caagcgtttc ccattttagt gacttttcaa ttaaagaaac 

9001 ttatactaac actgaggcat tgtttgggct aaaacaagat attagttcta ttttacgtaa 

9061 taaagagacc acacaatata ataacaattt taacgttccc tatactgcaa aatttcaaga 

9121 cgactttgcg agtttcagca tagctgttgg atatattgct aacaatggtc caagaattga 

9181 aatagaagga tcttacgaag aatttgatgt taaaaaccca ggaaattata caacaataga 

9241 tgctcatagg tacattgctt tagctagaga aaaaacttct tactatctaa gttctcctaa 

93 01 agaaaacaaa tatgtaatta taaagaataa cggcatatct attgtatcta ttataattaa 

9361 tggttgttat gatatttctt taaatgattc taaggtgtca ccttacatat gcacagggtt 

9421 tggtggagat tttatagagt tttttagtgc tatacgtttt aagtttgctt atcaaggtaa 

9481 aataggtatc agttattcat tatcttctaa cataatttta tttactgatg gatattacca 

9541 caaggtaata aattcccaat ttaaaaattt aaatgttgaa catgttgtta atgagttaac 

9601 tacagatcct aaagtgactt ctgcaacagc atttcttaat attgagtatt ttggtggtga 

9661 atttggatta aaatttatat tttaaggagt tttatgaaca aaaagaaaat tattacagta 

9721 ggaacaacat tagcttattt attattatca cctaacatat ctttttcaga agtaatcaac 

9781 aatgatactg ataaatattc tagactatat ataagtggtc aatataaacc aggattttct 

9841 tattttaata agttctcagt tagagaaact gatcatttca ctaaagcatt aataggatta 

9901 agacatgacg caatatctac taaaaattta acaactaata cagatttcaa tactctttat 

9961 aaagtaacat ttcaaaacaa catcattagc tttagcggtg ctattggtta ttctgatagc 

10021 acaggtgtaa ggtttgagct agaaggctct tatgaagagt tcgatgttac agaccctgga 

10081 gattgtataa taaaagatac ttacaggtac tttgcattag ctagaaaaac aagtggtaat 

10141 catcccaacg ataatgggga atatactgtc atgagaaatg atggagtatc cattacctcc 

10201 gttatattca atggttgtta tgatctctct ttaaaagagc tagaaatatc accatatgtt 

10261 tgcattggta tcggaggaga ctttatagaa ttttttgatg ctttacacat taaattagca 

10321 tatcaaggta aactaggtat tagctattct ttttccacta gaacaaattt atttatcgat 

10381 tgttattacc atagagttat aggtaatcaa tttaataatt taaatgttca acatgtagtt 

10441 gagcttacag aagcacctaa agctacatct gcaattgcta cacttaatgt tagttacttc 

10501 ggtggagaag ttggaattag acttatgttt taaaggaata ttatgaataa taaaagaaat 

10561 ttttttttaa taggtatgtc tctattgata aatctactat tgccaattga tgcctcttct 

10621 atggaagtac ataattatac acattttaaa cctaggctgt atattagtgg gcaatacagg 

10681 ccaggagttt cccactttag caaattttca gtcaaagaaa cacattgtaa tactgtgcaa 

10741 ttagttgggc taacaaaaga tataaaagta actaataaca gtagtattaa cacaaatact 

10801 agttttaact ttccttatgt tgcagaattt caagataacg caatgagctt tagtggagca 

10861 ataggatgct tttattcaga aaacttcaga attgaagtag aagcttctta tgaagaattt 

10921 gacgttaaaa atcctgaagg atctactaca gactcctata gatatttcgc gttagcacgt 

10981 ggcatggatg gtaataatat tcctacaagt caaaaattta ctgtaatgag aaacgacggg 

11041 ttattaatct catctgttat gataaatggc tgttacaatg tcatactaaa tgatatacaa 

11101 gcagaacctt acatatgtgc aggactagga ggagatttta tagaattctt caatggcttt 

11161 catgttaagc tagcttatca aggtaaagta ggcattagtt atcaaatatt ccctgaagta 

11221 agattattta ttgatggata ctaccataaa gtaaaaggca acaagtttaa aaatttacac 

11281 gttcaacatg taggtgcact tgcagcactc cctaaagtta catctgcagt tgcaacactt 
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11341 
11401 
11461 
11521 
11581 
11641 
11701 
11761 
11821 
11881 
11941 
12001 
12061 
12121 
12181 
12241 
12301 
12361 
12421 
12481 
12541 
12601 
12661 
12721 
12781 
12841 
12901 
12961 
13021 
13081 
13141 
13201 
13261 
13321 
13381 
13441 
13501 
13561 
13621 
13681 
13741 
13801 
13861 
13921 
13981 
14041 
14101 
14161 
14221 
14281 
14341 
14401 
14461 
14521 
14581 
14641 
14701 
14761 
14821 
14881 



aatattggat 
gaacaatttt 
attatcatca 
attatatgtt 
agaaacaaat 
tatgaacatc 
tgttgcagaa 
tgaacaacta 
tggttatatt 
aaaaaatgat 
cacagtcatg 
tctacctctc 
tatagaattt 
ttaccaatta 
tgatcaattt 
tacatctgca 
cacactttaa 
agatttatat 
aacgaaaaac 
agtaattttt 
gatgttgatt 
aactttacaa 
attggttatg 
gatgttaaaa 
gcacgtgaaa 
catgtcgtaa 
gatttttctt 
gccatagaat 
agttatcaac 
agtaataaat 
gtcacatctg 
attatatttt 
acagcaggtg 
acaaacagca 
tttagcaatt 
aaagacattg 
aatttcacag 
cttggattct 
gatgctaaag 
gtacgtgaaa 
actgttatga 
ttcttttttc 
atagaatttc 
tattctgtat 
aataaattta 
acatctgcaa 
atattttaac 
taaacacagt 
acaataacgc 
ctgttttcag 
taaaaaaaga 
catcaaattt 
gaactattgg 
aatttgatgt 
tagcacgtga 
ttcacactgt 
acgatttctc 
atgctataga 
ttgcttattc 
tgggcaatca 



actttggttg 
atgaatagca 
cctaacacat 
agcggacaat 
acacatacag 
agtaatggtg 
tttcaagaca 
aacattgaag 
ttaaatgatg 
aataagcatc 
agaaataatg 
aatgatttat 
tttgatgcac 
tcagacaaca 
aaaaacttaa 
gttgctactc 
tacaattaaa 
ttttaacatg 
attctggttt 
cagttaaaga 
ctgttgaaat 
tcccttatac 
cttttgctga 
atcccacagg 
taaatatttc 
tgaaaaacga 
taaataattt 
tctttgacgc 
tattacgtaa 
ttaaaaacct 
cagttgctac 
aattataact 
tagtattatt 
ataaacttgg 
tttcagcaaa 
attctattga 
ttctttatac 
tttattctaa 
accttggtga 
tgcatgttag 
gaaatgatgg 
caagtttatc 
ttaatgcatt 
ctcccaatgt 
aaaatttacc 
ttgctacact 
tacaaacaaa 
attagtatgc 
taaaaagtac 
taatttttca 
tgttgactct 
tactatcccc 
ttacaccttt 
taaaaaccct 
aatgaaaggt 
aatgagaaat 
tttgaacaat 
attcttcgat 
tctaccatct 
atttaaaaat 



tgaagctgga 
agagtaagtt 
ctctctcaaa 
ataagcccag 
tacagttagt 
ctacaggcat 
atgccttcaa 
ttgaaggttc 
cattccgcta 
ttagtcctaa 
ggttatctat 
caatatcacc 
tgcatcttaa 
ttagtttatt 
aagtccaata 
tcaatgttgg 
catgggaaat 
catgctgtca 
gtatattagc 
aaccaacttt 
tgatactggt 
tgcagaattt 
aggtccaaga 
gtatactaca 
tctattccaa 
tgggttatct 
acctatatca 
tttacatgtg 
aatcaactta 
gaaagtccaa 
acttgatata 
aaaaatggca 
tcacatgtta 
attatacatc 
agaaaccaat 
agttgatact 
tccaaaattt 
aggattaagg 
gtacaccaaa 
tctcatttat 
tatatctatt 
tttgtcaccc 
acatattaag 
taatttattt 
tgttcaatac 
tgatattggc 
tacggaaatt 
ttattgtcat 
tacggattat 
gttaaagaaa 
attgaaacca 
tatacagctg 
gctgaaggta 
ggaggctata 
aatagtttta 
gatggattat 
ttgtcaatat 
gtattacaca 
aacattagtc 
ttaaatgtcc 



gtaagattca 
ctttacaata 
cttcataggc 
cgtttccatt 
agctcttaaa 
tagcaaagca 
cttcagtgga 
ttatgaagaa 
ttttgcattg 
ggaggagcat 
attatctatt 
ttatttttgt 
acttgctttg 
tacaaatgga 
tataggtgaa 
atactttgga 
tctatgaata 
ttacctaata 
gggcaataca 
catacaaaac 
agtaatacag 
caagacaacc 
attgaaatag 
gtaaaagatg 
ccaaaacaaa 
atcttatcca 
ccttatttat 
aaatttgctt 
tttattgatg 
catgtacatg 
gcatattttg 
aattttatgt 
tttctacctc 
agtggacagt 
gttcatacag 
ggaaatagcg 
caagataatg 
attgaaatgg 
ataaaagatg 
ccaaaagata 
tcttctgcta 
tatatgtgta 
tttgcttgcc 
gcagatggat 
gttaatactt 
tacctcggtg 
ttatgaataa 
tacctaatat 
atatcagtgg 
ccaatgtcat 
agactgatgc 
tatttcaaga 
caagagttga 
cactaagtga 
cacctaaaga 
ctataatatc 
cgccttacat 
ttaagtttgc 
tctttgctag 
aacatgttgc 



tattttaata 
tgtacatcgt 
aatagtacaa 
tttagcaaat 
aaagatgtta 
acaaatttta 
gctattggtt 
ttcgatgcca 
gcacgtgaaa 
gatataagta 
atgataaatg 
acaggaatag 
caaagtaaaa 
tattaccatc 
cttaaagaga 
ggtgaaattg 
ataaaagtca 
tatctctttc 
aacccagtgt 
atctcatagc 
caggtattag 
atactaactg 
aattatcata 
cttatagata 
aagaaggtag 
atatagttaa 
gcggaggaat 
atcaaagcaa 
tatattacta 
aacttaaaga 
gtagtgaagc 
acaaaaaata 
atgtttcttt 
ataaccctag 
tacaactcat 
caggtattag 
ttgctggtct 
ggttttctta 
cttatagata 
ataacacagg 
cagtaaatgg 
taggcatcgg 
aaggtaagtt 
attatcataa 
tagaagagta 
gtgaaattgg 
taaactcaaa 
atcttcctca 
acaatataaa 
aactaaaaac 
cagtgtaggt 
taattctgtc 
aatagaaggt 
tgcctatcgc 
aaaagtttct 
tgttatagta 
atgtggagga 
atatcaaagc 
tttatattac 
tgaacttgca 



tataaacatg 
taatatgctt 
aacattctgg 
tttcagtaaa 
attctatttc 
atcttcctta 
attcactttt 
aaaatcctgg 
tgggacaaga 
aaacatatta 
gctgctataa 
gtgtagatgc 
taggagctac 
aagtaatagg 
acccgaaaat 
gagtaagact 
attcttaata 
aaaagtaaat 
ttctgttttc 
tcttaaacaa 
taacccatct 
caatggctct 
tgaaaaattt 
ctttgcttta 
tggaatttac 
tatttgctac 
gggtataaat 
ggcaggaatt 
tcaagtaata 
taatccaaaa 
tggcataaga 
caaactaatg 
cgcaaaaaat 
tgtttctgtt 
ggcgcttaaa 
caaaccacaa 
tagcggtgca 
tgaaaaattt 
ttttgctcta 
aacacattat 
ctgctatgat 
tatagatgct 
aggtgttact 
agtgatgggc 
tccaagagtt 
cataagattt 
tttactataa 
aaggccataa 
cccagtgttt 
cttatagctt 
attagtaacc 
aatttcaatg 
tcttatgagg 
tattttgcat 
aatagtattt 
aatgtttgct 
gcaggggtag 
aagctaggta 
cataaagtaa 
agtataccta 
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14941 aaattacatc cgcagttgct acacttaata ttggttattt tggaggtgaa attggtgcaa 

15001 gattgacatt ttaattattt aaatcattga ataatgagaa actttttgtt agtttctcac 

15061 ttatttaatg cgctattaaa cacaaagatg taaattttta tacttcttaa gtttctcagt 

15121 ttaaaataaa aagatttgca ccacattata aatattttaa ataaaatacc taagatatta 

15181 tagaaaaaaa ctttagttaa attaccatgc aatatctatt aagatatgtt ataatataat 

15241 aagtgaacat actaagtatg tttataacat tcatactgtc aaactaatta cctaaaatta 

15301 atgtaataaa agcctaaata cagcttccat atgcctaaaa taggcgttgt agtaaaacta 

15361 tagtaagtaa gtctagtaat gtttttatta actaactgat aaagttaatt acggtttcta 

15421 ttaaagtttt tattttaatt gttttaaata tcaattactt ttattgtaaa cttgaaagaa 

15481 attttatatt ctagacttgc ttttatttac ttcttttatt attcttaaac ttttattatc 

15541 ttttataaaa ggtttattaa catgaattat aagaaaattc tagtaagaag cgcgttaatc 

15601 tcattaatgt caatcttacc atatcagtct tttgcagatc ctgtaggttc aagaactaat 

15661 gataacaaag aaggcttcta cattagtgca aagtacaatc caagtatatc acactttaga 

15721 aaattctctg ctgaagaaac tcctattaat ggaacaaatt ctctcactaa aaaagttttc 

15781 ggactaaaga aagatggtga tataacaaaa aaagacgatt ttacaagagt agctccaggc 

15841 attgattttc aaaataactt aatatcagga ttttcaggaa gtattggtta ctctatggac 

15901 ggaccaagaa tagaacttga agctgcatat caacaattta atccaaaaaa caccgataac 

15961 aatgatactg ataatggtga atactataaa cattttgcat tatctcgtaa agatgcaatg 

16021 gaagatcagc aatatgtagt acttaaaaat gacggcataa cttttatgtc attgatggtt 

16081 aatacttgct atgacattac agctgaagga gtatctttcg taccatatgc atgtgcaggt 

16141 ataggagcag atcttatcac tatttttaaa gacctcaatc taaaatttgc ttaccaagga 

16201 aaaataggta ttagttaccc tatcacacca gaagtctctg catttattgg tggatactac 

16261 catggcgtta ttggtaataa atttgagaag atacctgtaa taactcctgt agtattaaat 

16321 gatgctcctc aaaccacatc tgcttcagta actcttgacg ttggatactt tggcggagaa 

16381 attggaatga ggttcacctt ctaacttatt tcttgttaca cctaataagt agtaacaaag 

16441 aaaattttag caattcatat catagggaaa atgtgaagtt atttcaagtt ttcccttatg 

16501 tctttatgta tattgttgca ctataaatat tcttctttaa ctatgctgta aaagtacact 

16561 tgcagtatac ataagtgatt aaagctatct tttttttctg tgcaaataat aaaatatatt 

16621 aaaattctct taagaaaatc atcagtattt tatataaaaa gccatattct aacttgtact 

16681 catttcatac ttttactatt tttgatttac tattattatt ctaggaataa tatgaactgt 

16741 aaaaaaattc ttataacaac tacattggta tcactaacaa ttcttttacc tggcatatct 

16801 ttctccaaac caatacatga aaacaatact acaggaaact tttacattat tggaaaatat 

16861 gtaccaagta tttcacattt tgggaacttt tcagctaaag aagaaaaaaa cacaacaact 

16921 ggaatttttg gattaaaaga atcatggact ggtggtatca tccttgataa agaacatgca 

16981 gcttttaata tcccaaatta ttcatttaaa tatgaaaata atccattttt aggatttgca 

17041 ggggtaattg gctattcaat aggtagtcca agaatagaat ttgaagtatc atacgagaca 

17101 ttcgatgtac aaaatccagg agataagttt aacaatgatg cacataagta ttgtgcttta 

17161 tccaatgatt ccagtaaaac aatgaaaagt ggtaaattcg tttttctcaa aaatgaagga 

17221 ttaagtgaca tatcactcat gttaaatgta tgttatgata taataaacaa aagaatgcct 

17281 ttttcacctt acatatgtgc aggcattggt actgacttaa tattcatgtt tgacgctata 

17341 aaccataaag ctgcttatca aggaaaatta ggttttaatt atccaataag cccagaagct 

17401 aacatttcta tgggtgtgca ctttcacaaa gtaacaaaca acgagtttag agttcctgtt 

17461 ctattaactg ctggaggact cgctccagat aatctatttg caatagtaaa gttgagtata 

17521 tgtcattttg ggttagaatt tgggtacagg gtcagttttt aattctatta ccacacatat 

17581 caaaatctaa ttcattttca ttgctgttat aaacaaaata gtcagcagga ggtttttaat 

17641 gaatttatct tgtaatgtat taaatttcta ttacaaaaac tgctaacatt ttgcattaaa 

17701 aaatgtcgtt taatttgttt tagactgtat ttttactatc gttaatttac tttcactgtt 

17761 tctggtgtaa atatgaaata taaaaaaact tttacagtaa ctgcattagt attattaact 

17821 tcctttacac attttatacc tttttatagt ccagcacgtg ccagtacaat tcacaacttc 

17881 tacattagtg gaaaatatat gccaacagcg tcacattttg gaattttttc agctaaagaa 

17941 gaacaaagtt ttactaaggt attagttggg ttagatcaac gattatcaca taatattata 

18001 aacaataatg atacagcaaa gagtcttaag gttcaaaatt attcatttaa atacaaaaat 

18061 aacccatttc taggatttgc aggagctatt ggttattcaa taggcaattc aagaatagaa 

18121 ctagaagtat cacatgaaat atttgatact aaaaacccag gaaacaatta tttaaatgac 

18181 tctcacaaat attgcgcttt atctcatgga agtcacatat gcagtgatgg aaatagcgga 

18241 gattggtaca ctgcaaaaac tgataagttt gtacttctga aaaatgaagg tttacttgac 

18301 gtctcattta tgttaaacgc atgttatgac ataacaactg aaaaaatgcc tttttcacct 

18361 tatatatgtg caggtattgg tactgatctc atatctatgt ttgagacaac acaaaacaaa 

18421 atatcttatc aaggaaagtt aggtttaaac tatactataa actcaagagt ttctgttttt 

18481 gcaggtgggc actttcataa agtaataggt aatgaattta aaggtattcc tactctatta 
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18541 cctgatggat caaacattaa agtacaacag tctgcaacag taacattaga tgtgtgccat 

18601 ttcgggttag agattggaag tagatttttc ttttaatact tctattgtac atgttaaaaa 

18661 tagtactagt ttgcttctgt ggtttataaa cgcaagagag aaatagttag taataaatta 

18721 gaaagttaaa tattagaaaa gtcatatgtt tttcattgtc attgatactc aactaaaagt 

18781 agtataaatg ttacttatta ataattttac gtagtatatt aaatttccct tacaaaagcc 

18841 actagtattt tatactaaaa gctatacttt ggcttgtatt taatttgtat ttttactact 

18901 gttaatttac tttcactgtt tctggtgtaa atatgaattg taaaaaagtt ttcacaataa 

18961 gtgcattgat atcatccata tacttcctac ctaatgtctc atactctaac ccagtatatg 

19021 gtaacagtat gtatggtaat ttttacatat caggaaagta catgccaagt gttcctcatt 

19081 ttggaatttt ttcagctgaa gaagagaaaa aaaagacaac tgtagtatat ggcttaaaag 

19141 aaaactgggc aggagatgca atatctagtc aaagtccaga tgataatttt accattcgaa 

19201 attactcatt caagtatgca agcaacaagt ttttagggtt tgcagtagct attggttact 

19261 cgataggcag tccaagaata gaagttgaga tgtcttatga agcatttgat gtgaaaaatc 

19321 caggtgataa ttacaaaaac ggtgcttaca ggtattgtgc tttatctcat caagatgatg 

19381 cggatgatga catgactagt gcaactgaca aatttgtata tttaattaat gaaggattac 

19441 ttaacatatc atttatgaca aacatatgtt atgaaacagc aagcaaaaat atacctctct 

19501 ctccttacat atgtgcaggt attggtactg atttaattca catgtttgaa actacacatc 

19561 ctaaaatttc ttatcaagga aagctagggt tggcctactt cgtaagtgca gagtcttcgg 

19621 tttcttttgg tatatatttt cataaaatta taaataataa gtttaaaaat gttccagcca 

19681 tggtacctat taactcagac gagatagtag gaccacagtt tgcaacagta acattaaatg 

19741 tatgctactt tggattagaa cttggatgta ggttcaactt ctaatttcgt ggtacacata 

19801 tcacgaagct aaaattgttt ttttatctct gctgtataca agagaaaaaa tagtagtgaa 

19861 aattacctaa caatatgaca gtacaagttt accaagctta ttctcacaaa acttcttgtg 

19921 tcttttatct ctttacaatg aaatgtacac ttagcttcac tactgtagag tgtgtttatc 

19981 aatgctttgt ttattaatac tctacataat atgttaaatt tttcttacaa aaatcactag 

20041 taatttatac tagaatatat attctgactt gtatttgttt tatacttcca ctattgttaa 

20101 tttattttca ctattttagg tgtaatatga attgcaaaaa aattcttata acaactgcat 

20161 taatgtcatt aatgtactat gctccaagca tatctttttc tgatactata caagacgata 

20221 acactggtag cttctacatc agtggaaaat atgtaccaag tgtttcacat tttggtgttt 

20281 tctcagctaa agaagaaaga aactcaactg ttggagtttt tggattaaaa catgattgga 

20341 atggaggtac aatatctaac tcttctccag aaaatatatt cacagttcaa aattattcgt 

20401 ttaaatacga aaacaaccca ttcttagggt ttgcaggagc tattggttat tcaatgggtg 

20461 gcccaagaat agaacttgaa gttctgtacg agacattcga tgtgaaaaat cagaacaata 

20521 attataagaa cggcgcacac agatactgtg ctttatctca tcatagttca gcaacaaaca 

20581 tgtcctccgc aagtaacaaa tttgttttct taaaaaatga agggttaatt gacttatcat 

20641 ttatgataaa tgcatgctat gacataataa ttgaaggaat gcctttttca ccttatattt 

20701 gtgcaggtgt tggtactgat gttgtttcca tgtttgaagc tataaatcct aaaatttctt 

20761 accaaggaaa actaggatta ggttatagta taagttcaga agcctctgtt tttatcggtg 

20821 gacactttca cagagtcata ggtaatgaat ttagagacat ccctgctatg gttcctagtg 

20881 gatcaaatct tccagaaaac caatttgcaa tagtaacact aaatgtgtgt cactttggtt 

20941 tagaacttgg aggaagattt aacttctgat tttattgttg ccacatatta aaaatgatct 

21001 aaacttgttt ttattattgc tacatacaaa aaaaagaaaa atagtggcaa aagaatgtag 

21061 caataagagg gggggggggg actaaattta ccttctattc ttctaatatt ctttactata 

21121 ttcaaatagc acaactcaat gcttccagga aaatatgttt ctaatatttt atttattacc 

21181 aatcttatat aatatattaa atttctctta caaaaatctc taatgtttta tactaatata 

21241 tatattctgg cttgtattta ctttgcactt ccactattgt taatttattt tcactatttt 

21301 aggtgtaata tgaattgcaa aaaaattctt ataacaactg cattaatatc attaatgtac 

21361 tctattccaa gcatatcttt ttctgatact atacaagatg gtaacatggg tggtaacttc 

21421 tatattagtg gaaagtatgt accaagtgtc tcacattttg gtagcttctc agctaaagaa 

21481 gaaagcaaat caactgttgg agtttttgga ttaaaacatg attgggatgg aagtccaata 

21541 cttaagaata aacacgctga ctttactgtt ccaaactatt cgttcagata cgagaacaat 

21601 ccatttctag ggtttgcagg agctatcggt tactcaatgg gtggcccaag aatagaattc 

21661 gaaatatctt atgaagcatt cgacgtaaaa agtcctaata tcaattatca aaatgacgcg 

21721 cacaggtact gcgctctatc tcatcacaca tcggcagcca tggaagctga taaatttgtc 

21781 ttcttaaaaa acgaagggtt aattgacata tcacttgcaa taaatgcatg ttatgatata 

21841 ataaatgaca aagtacctgt ttctccttat atatgcgcag gtattggtac tgatttgatt 

21901 tctatgtttg aagctacaag tcctaaaatt tcctaccaag gaaaactggg cattagttac 

21961 tctattaatc cggaaacctc tgttttcatc ggtgggcatt tccacaggat cataggtaat 

22021 gagtttagag atattcctgc aatagtacct agtaactcaa ctacaataag tggaccacaa 

22081 tttgcaacag taacactaaa tgtgtgtcac tttggtttag aacttggagg aagatttaac 
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22141 ttctaatttt attgttgcca catattaaaa 
22201 atacaaaaaa agaaaaatag tggcaaaaga 
22261 aaatttatct tctatgcttc tcaagttttt 
22321 taatatcctc acggaaaact tatcttcaaa 
22381 tattaaattt ctcttacaaa aatcactagt 
22441 cttttcttct gcacttctac tatttttaat 
22501 gaattgcaaa agatttttca tagcaagtgc 
22561 cgtatctttt tctgaatcaa tacatgaaga 
22621 aaagtatatg ccaagtgcct cacactttgg 
22681 aacaactgga gttttcggat taaaacaaga 
22741 cagcagccac acaatagacc caagtacaat 
22801 tgaaaacaat ccatttttag ggtttgcagg 
22861 ggtagagttt gaagtgtctt acgaaatatt 
22921 gaacgatgct cacaaatatt gcgctttatc 
22981 tcatcaaaat aaatttgtct tcctaaaaaa 
23041 aaacgcatgt tatgatataa caatcgacag 
23101 tattggtagt gacttagttt cgatgtttga 
23161 aaaattaggt gtaagttact ccataagccc 
23221 tcacagagtt ataggtaatg aatttaaaga 
23281 agaaattaaa ggcacacagt ttacaacagt 
23341 gcttggaggc aggtttactt tttaatttag 
23401 actaaaagct aagttatatc aatggtaaag 
23461 ttatatatta cacacattgt aattgttagc 
23521 ccaaagataa tttacatgta gttatcaatc 
23581 agattagcag aaatatataa acattaaagt 
23641 ccaacttaac agaacaaaac ttagtcaatt 
23701 acacagaaag ctttaggatt tttatatagc 
23761 atgcaaaact ataaagtctt caactctaca 
23821 cacttattac agttctaaga ctcattttaa 
23881 aaacacacac ttatagatta tatataatca 
23941 caacactaaa tttgaaaaaa atccgccagt 
24001 aaatctaaat ccaatctccc aaccaaaata 
24061 agttctagga acgtcagata atgcagtagg 
24121 atcacctaca accttatggt aataaccccc 
24181 gtagttgaca ccaaacttaa cttgataaga 
24241 tatataatct gcaccaacac cagcacacat 
24301 aatatcataa caaacattta cattaagaga 
24361 tataaactta ttatcactat ttgtagcatt 
24421 gctattctca gggtaccatt gtctttcagg 
24481 taccctaaag tcattaacat aatatccaat 
24541 ataagtaggg tcatatgatc gtgtaaaatt 
24601 acctaacgca aaaatctttt ttgtaatacc 
24661 aaaattggga ataccaactt tatactgact 
24721 aaaatttgca tcagaaaaag caccatcaga 
24781 acctacaaca aatcttttgt aattcatctt 
24841 taatttacta caacaagcta tgccaagtca 
24901 atgaacacat ccaaagcaca taaaaacact 
24961 actttttatt acaacaacaa aaaaataata 
25021 accttaacac taacctcaat accaaaatat 
25081 actaacaaaa atgaatatca ttacagtacc 
25141 cctacggtaa tatccatgag atattaatca 
25201 tcaatactat tgagtaaaaa actttaacaa 
25261 aggaataacg catagtacca tattttacaa 
25321 atgtgatttg tcaaaacaac atataaaata 
25381 aattattacg tttcttattg ccctatagta 
25441 tgtaagtggt aacccaagaa gattattacc 
25501 aaattaccat aatattttat caatctatca 
25561 ataatctcat aagttcttag accacgtgtg 
25621 gtaaaaaatc actagcgaaa aatgattgta 
25681 taagcttata taactaggta ttaataactc 



atgatctaaa cttgttttta ttattgctac 
atgtagcaat aagagggggg gggggggacc 
tctcgctatt tatgactaaa caacagaagg 
tattttattt attaccaatc ttatataata 
attttatacc aaaatatata ttctgacttg 
ttatttgtca ctattaggtt ataataatat 
attgatatca ctaatgtctt tcttacctag 
taatataaat ggtaactttt acattagtgc 
cgtattttca gttaaagaag agaaaaacac 
ttgggacgga gcaacaataa aggatgcaag 
attctccatt tcaaattatt catttaaata 
agctattggc tactcaatgg gtggtccaag 
tgatgtaaaa aaccaaggta acagttacaa 
aagacacacc ggaggtatgc cacaagccgg 
tgaaggatta cttgacatat cacttatgat 
catgccattt tctccatata tatgtgcagg 
aactacaaat cctaaaattt cttatcaagg 
agaagcatct gtttttgttg gaggacactt 
cattcctgca ataactcctg ctggagcaac 
aacattaaac atatgccact tcggactaga 
cttataactt tcacagtaat ccagtgtaac 
tagctaacaa ttatattatt ttgaaaccag 
taattgttga gcttattagc aatcatacat 
tcatatctta ttatgaatca ccttctacac 
tacattctta ttctaaagtc aaagaagtca 
aaattaagat accatgacag cagtactaac 
aaaacccaca acaacactca ttttacataa 
cttttactca tacatacaag taattaaagt 
agacatataa cagcataatc gtaatacaca 
aataacattt agattgaagt ataatacaat 
taacttctca acacaataac tctatagcgc 
atcagtattt aaagtagcag aagctgaagt 
atggtaagct atttctactc tctcatacct 
accaaacaac atagtattaa catttagagg 
aaacttaggc aatgatatac ctaaaaactt 
ataaggtgct aaaggaatac taccactagc 
cttgtcagca acgccgttat tctctagtac 
tcgagacaaa gcaaaaaatt tgtagctttg 
ttcaaaattc tcataagaac cttcaaattc 
gataccacta aaccctgcaa aactgcttgc 
gctgtgagta tttatctcag acttatcaag 
aggaattgtt tcttcagctg aaaaattact 
acctatataa agtcctctcc tcccttcaga 
taagaaaaaa acaaatgtac tcagcgtaac 
aataaccatt aataacaagg taaaccatga 
agtaattgta aataattcta tctgttatca 
tattaacaat tagcaaagta tataaatctc 
aaaccatatt aactaatcta ctatacaaat 
tccaatatta agtttgacta ctgctgaagt 
actacacaat acctattcat taccaattat 
accaacccat aatcctacta aagaaatgct 
tgtcttctca gacacctata tcaaagaaaa 
agtcatgata attaagagta agattttata 
tcagttttat agttaaagca aaatatcttc 
tcagctgtta aatcttcata aatatttaaa 
aatattctgg aacatactct tctgaaaaat 
gcactaagaa taagactttt ctttaataaa 
tttcacttat taaaaaagca tataaaatct 
catactgtat aatacacata aaaaatacaa 
taatatatat aatcaaagtt ttacaatctc 
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25741 atacttcata attcaattta tctagaaaaa 
25801 atgttactaa tctacaaaca caattatcaa 
25861 aaaaagcaaa tttagcaaag tattgtttat 
25921 aacttattac acaattgaaa tcacaaatga 
25981 atcccatact acatgtcaga agaaaatcaa 
26041 tgcatataaa cccaaatatc gcataagcaa 
26101 tccataatac taataacatt atataataga 
26161 aatttaaatt cttttaacgc ctacaattaa 
26221 tatacaacaa aattaaatag tacaagattt 
26281 agattgcatt atactattta gtattaggta 
26341 atacagaaga tgatgcattc tctgtttcta 
26401 tcacaatcac catacttcct ccttcagttc 
26461 gtatgtattc tgttgttttc tcatataaaa 
26521 tagagcataa gtcagggaaa tttgaagctt 
26581 taaacaaaga tgatatatct attgtattaa 
26641 gcacaaaagt aatagataac aaagattctg 
26701 aaacttcagt aagggagatc tatgtcttct 
26761 taatttttgt ttcgtgttaa taacacataa 
26821 atattaaagt tttgtcatgc caatgtgctt 
26881 attgttttta atatcagata ttaatttagt 
26941 aaaaggctta taatttttga caatttattt 
27001 tactttaaca agatataatg taatcattaa 
27061 cagcaatgaa cttaatgcta ctgttcatgt 
27121 tatagataac aatggaaatt ttgatactaa 
27181 aggtcacctt tgtgggaata tatctcaaaa 
27241 tgagtacata tttgaacaac gtatagttta 
27301 cggacaaata gtgtcatctg ctgaggaagc 
27361 taatgataac attaaaatta tattatcaga 
27421 aaaagaaagt caagcagaag tatcaaaacc 
27481 agcaccacaa cctgccgcta atactcctca 
27541 tgatggtgta aataatgatc caacaaaaga 
27601 aacaatttag cctaatacta ttattaatat 
27661 atttgtaaag cagttgttca gttctacgaa 
27721 ttgaatatag tttatataac tctataatgc 
27781 ttgtataagc acaaaaactc tgaatgctat 
27841 caaaaacatt tacatagact gctgctaatt 
27901 aattcacaaa ctaataaatt aaatattaat 
27961 tttggctcag caaacagcag aataattaaa 
28021 gcaatagagc acgaatttca acttctttct 
28081 tttaaagaag aacttaaaaa tggaaagaca 
28141 gtagtaagag aagcttcaaa aagagtactt 
28201 ggtggaatgg tcttacataa aggaatgata 



aaacttatat aacttagata aatactaaaa 
attatataaa aacatactaa taatatgata 
tcattataca ctttttagca tataagtaca 
ttatttttaa aataaaacat ttctcactaa 
aataaccaat acatagaaat aaataataac 
tatagtattg tgtaattttg gtatacaaac 
tataaaacca aataatactc aatagtagga 
gttactcacc ttttgcttta agaaattaaa 
aatatgttgc ttttttgtag taattgatat 
agataatgga tatgattaat atatttgata 
attttatcaa tcaaaacttt atttctcagt 
cattgtatca tgatcaacac attgatgaag 
aatatgaagc acaacaacca tatggtctgg 
cattagatca ttcagatcat aggttatacc 
atgaagatat gttaaattta tgcttaagtt 
ctcaataatt gaatgttatt gattttttaa 
ctaataagtt tgacaaggtc ttctttaagt 
tgaatctaag gttttaacaa acactttagt 
tttattattg aaagaattac acatagtaca 
ttttaatgta aatgtttatg atatacagga 
ctttgtatca aataaaacat gttgttttat 
taaattcagg taagctacaa tggatatttt 
gaatggaaca acatatgaag gaaaagttat 
tctcagtttg gcagacggtg tagatactct 
taatgaaaca aaagaaaaca gctatattct 
tccaacatta cctattctac actcatttaa 
tttacctcac caaattgctt ttgacaatag 
ttcagaaata gttcaacctg tcactaatgc 
tgttactgat gtaaaagaaa atcaagatgg 
ggaaaagcaa gaaagtgtac ctacacctgc 
aggcgcatct caacctaaca aaacataaat 
aattttttat catagttaat aaactgtaat 
taactgcttt atagtgtgtt gcatagtaaa 
ttttaaatga tgcttgtatt gattattaat 
tgtacataac ttctatagta catgaaatat 
ttgttgtact tttatcttat ttaatcatat 
ttaattatgc ttagtattgc acataaaatc 
tcattttata aagtggttca acacataaat 
aatgaagcat taaaaaataa aactatagaa 
ttagatgata tattagtacc agccttcgct 
aatatgaggc attttgatgt acaacttata 
tccgaaatga agacagggga agga 
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ri: AF078554 . Reports ... [gi:3 7905 56] The record has been replaced by AF078553 
Comment Features Sequence 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SEGMENT 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 
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source 



gene 



CDS 




ECMOMP2 924 bp DNA linear BCT^26 -OCT- 1998 

Ehrlichia canis 30-kDa major outer membrane protein (pJ^fc-UX-gejia 
complete cds . 
AF078554 

AF078 554 .1 GI: 3 790556 
2 of 3 

Ehrlichia canis 
Ehrlichia canis 

Bacteria; Proteobacteria; alpha subdivision; Rickettsials ; 
Rickettsiaceae; Ehrlichieae; Ehrlichia; canis group. 
1 (bases 1 to 924) 

Ohashi,N., Unver,A., Zhi,N. and Rikihisa,Y. 
Cloning and characterization of multigenes encoding the 
immunodominant 3 0 -kilodalton major outer membrane proteins of 
Ehrlichia canis and application of the recombinant protein for 
serodiagnosis 

J. Clin. Microbiol. 36 (9), 2671-2680 (1998) 
98371112 

1 to 924) 




Zhi,N. and Rikihisa,Y. 



2 (bases 

Ohashi , N . , Unver , A . 
Direct Submission 

Submitted (16- JUL-1998) Department of Veterinary Biosciences, The 
Ohio State University, 1925 Coffey Road, Columbus, OH 43210, USA 
[WARNING] On Apr 2, 2001 this sequence was replaced by gi : 13512584 . 

Location/Qualifiers 

1..924 

/organism="Ehrlichia canis" 
/mo l_type= "genomic DNA" 
/strain="Ok 1 ahoma 11 
/db_xref = " taxon : 944 " 
1..924 

/gene="p3 0-l" 

/note="member of p30 multigene family" 
1. . 924 

/gene="p30-l" 
/note="P30-l" 
/codon_start=l 
/transl table=ll 

/product =" 3 0-kDa major outer membrane protein" 
/protein id= " AAC68666 . 1 " 
/db_xref="GI: 3790560" 

/ translation= "MFYTNIYILACIYFALPLLLIYFHYFRCNMNCKKILITTALISL 
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MYSIPSISFSDTIQDGNMGGNFYISGKYVPSVSHFGSFSAKEESKSTVGVFGLKHDWD 
GSPILKNKHADFTVPNYSFRYENNPFLGFAGAIGYSMGGPRIEFEISYEAFDVKSPNI 
NYQNDAHRYCALS HHTS AAME ADKFVFLKNEGLI D I S LAINAC YD I INDKVPVS P Y I C 
AGIGTDLISMFEATSPKISYQGKIiGISYSINPETSVFIGGHFHRIIGNEFRDIPAIVP 
S NS TT I S G PQF ATVTLNVCH FG LE LGGR FN F " 

ORIGIN 

1 atgttttata ctaatatata tattctggct tgtatttact ttgcacttcc actattgtta 
61 atttattttc actattttag gtgtaatatg aattgcaaaa aaattcttat aacaactgca 
121 ttaatatcat taatgtactc tattccaagc atatcttttt ctgatactat acaagatggt 
181 aacatgggtg gtaacttcta tattagtgga aagtatgtac caagtgtctc acattttggt 
241 agcttctcag ctaaagaaga aagcaaatca actgttggag tttttggatt aaaacatgat 
301 tgggatggaa gtccaatact taagaataaa cacgctgact ttactgttcc aaactattcg 
361 ttcagatacg agaacaatcc atttctaggg tttgcaggag ctatcggtta ctcaatgggt 
421 ggcccaagaa tagaattcga aatatcttat gaagcattcg acgtaaaaag tcctaatatc 
481 aattatcaaa atgacgcgca caggtactgc gctctatctc atcacacatc ggcagccatg 
541 gaagctgata aatttgtctt cttaaaaaac gaagggttaa ttgacatatc acttgcaata 
601 aatgcatgtt atgatataat aaatgacaaa gtacctgttt ctccttatat atgcgcaggt 
661 attggtactg atttgatttc tatgtttgaa gctacaagtc ctaaaatttc ctaccaagga 
721 aaactgggca ttagttactc tattaatccg gaaacctctg ttttcatcgg tgggcatttc 
781 cacaggatca taggtaatga gtttagagat attcctgcaa tagtacctag taactcaact 
841 acaataagtg gaccacaatt tgcaacagta acactaaatg tgtgtcactt tggtttagaa 
901 cttggaggaa gatttaactt ctaa 

// 
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T 1: AF078S55 . Reports ...[gi:3790555] The record has been replaced by AF078553 
Comment Features Sequence 



LOCUS ' 
DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SEGMENT 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 
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source 
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CDS 



ECMOMP3 864 bp DNA linear BCIf2 6 - OCT - 1 9 9 8 

Ehrlichia canis 30-kDa major outer membrane protein (p30al — ymm, 
complete cds . 
AF078555 

AF078555.1 GI:3790555 
3 Of 3 

Ehrlichia canis 
Ehrlichia canis 

Bacteria; Proteobacteria ; alpha subdivision; Rickettsiales ; 
Rickettsiaceae; Ehrlichieae; Ehrlichia; canis group. 

1 (bases 1 to 864) 

Ohashi,N., Unver,A., Zhi,N. and Rikihisa,Y. 

Cloning and characterization of multigenes encoding the 

immunodominant 3 0 -kilodalton major outer membrane proteins of 

Ehrlichia canis and application of the recombinant protein for 

serodiagnosis 

J. Clin. Microbiol. 36 (9), 2671-2680 (1998) 
98371112 

2 (bases 1 to 864) 

Ohashi,N., Unver,A. , Zhi,N. and Rikihisa,Y. 
Direct Submission 

Submitted (16- JUL-1998) Department of Veterinary Biosciences, The 
Ohio State University, 1925 Coffey Road, Columbus, OH 43210, USA 
[WARNING] On Apr 2, 2001 this sequence was replaced by gi: 13512584. 

Location/Qualifiers 

1. .864 

/organism^" Ehrlichia canis" 
/mol_type= "genomic DNA" 
/ s t ra in= " Oklahoma " 
/db_xre f = " taxon : 944 " 
1. .864 

/gene="p3 0a" 

/note= "member of p30 multigene family" 
1. .864 

/gene="p3 0a" 
/note="P3 0a" 
/codon_start=l 
/transl table=ll 

/product=" 30-kDa major outer membrane protein" 
/protein_id=: " AAC68665.1 " 
/db_xref ="GI: 3790559" 

/ translation= "MKYKKTFTVTALVLLTSFTHFIPFYSPARASTIHNFYISGKYMP 
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TASHFGIFSAKEEQSFTKVLVGLDQRLSHNIINNNDTAKSLKVQNYSFKYKNNPFLGF 
ARAIGYSIGNSRIELEVSHEIFDTKNPGNNYLNDSHKYCALSHGSHICSDGNSGDWYT 
AKTDKFVLLKNEGLLDVSFMLNACYDITTEKMPFSPYICAGIGTDLISMFETTQNKIS 
YQGKLGLNYTINSRVSVFAGGHFHKVIGNEFKGIPTLLPDGSNIKVQQSATVTLiDVCH 
FGLEIGSRFFF" 

ORIGIN 

1 atgaaatata aaaaaacttt tacagtaact gcattagtat tattaacttc ctttacacat 
61 tttatacctt tttatagtcc agcacgtgcc agtacaattc acaacttcta cattagtgga 
121 aaatatatgc caacagcgtc acattttgga attttttcag ctaaagaaga acaaagtttt 
181 actaaggtat tagttgggtt agatcaacga ttatcacata atattataaa caataatgat 
241 acagcaaaga gtcttaaggt tcaaaattat tcatttaaat acaaaaataa cccatttcta 
301 ggatttgcaa gagctattgg ttattcaata ggcaattcaa gaatagaact agaagtatca 
361 catgaaatat ttgatactaa aaacccagga aacaattatt taaatgactc tcacaaatat 
421 tgcgctttat ctcatggaag tcacatatgc agtgatggaa atagcggaga ttggtacact 
481 gcaaaaactg ataagtttgt acttctgaaa aatgaaggtt tacttgacgt ctcatttatg 
541 ttaaacgcat gttatgacat aacaactgaa aaaatgcctt tttcacctta tatatgtgca 
601 ggtattggta ctgatctcat atctatgttt gagacaacac aaaacaaaat atcttatcaa 
661 ggaaagttag gtttaaacta tactataaac tcaagagttt ctgtttttgc aggtgggcac 
721 tttcataaag taataggtaa tgaatttaaa ggtattccta ctctattacc tgatggatca 
781 aacattaaag tacaacagtc tgcaacagta acattagatg tgtgccattt cgggttagag 
841 attggaagta gatttttctt ttaa 
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